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INTRODUCTION 

The task of preparing this publication has progressed rather 
slowly, because it was necessary to do the work at such times as 
regular office duties permitted. The preparation of the illustrations 
and tabular matter has covered a period of nearly five years, and it 
is because of the early completion of some of the graphs that they 
have not in every case been brought down to date. An eflfort has 
been made, however, to include in the various tables the most 
recent data available, and the records of 1913 have been entered as 
far as possible. 

Were it not for the varying storm movement of the earth's atmos- 
phere, the climate of any place would be determined largely by its 
distance from the equator, its elevation above sea level, and its sur- 
roundings, such as large bodies of water, level plains, and mountain 
ranges, t In the middle latitudes, especially, the influence of storm 
movement is strong, and as a result endless changes in winds, clouds, 
rain and snow, heat and cold, etc., sweep the belt in which Chicago 
is situated, and cause variety in its weather conditions. 

The city is located in latitude 41°35' North, somewhat less than 
half-way from the equator to the pole, on a crescent-shaped plain 
gradually rising from the level of Lake Michigan, whose altitude is 
about 581 feet above mean sea level. This plain at its highest point 
is considerably less than 100 feet above the surface of the lake, and 
its greatest width is approximately 15 miles in a northeast-southwest 
direction. The whole plain is bordered inland by a glacial moraine 
which rises in places to about 150 feet above the higher portions of 
the plain itself. This rim is far too low to exert any appreciable 
eflfect upon the climatic or weather conditions of the city, and forms 
no barrier to either cold-wave areas from the west or hot winds from 
the southwest and south. Such barrier, however, is but infrequently 
needed, as many times the waters of the lake serve to soften the 
rigors of the wintry storms or to moderate the intensity of the 
summer's heat. 

Located as it is at the southwest corner of the lake, Chicago is 
justly proud of its climate. As a consequence of the cool expanse of 
water in summer, the city often enjoys delightful and refreshing 
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breezes while the interior of the country away from the lake is swelter- 
ing in an air hot and still almost to the point of suffocation. The 
city is close to certain well-defined storm tracks, and the passage of 
these disturbances insures ample precipitation and interrupts the 
otherwise monotonous cycles of temperature and weather change. 
Chicago has been called the "Windy City," and the ensuing pages 
will show that there is some reason for the sobriquet, although the 
wind movement here is not much greater than it is at other places in 
the Great Lakes region. Its changes in weather are often sudden and 
pronounced, but usually are of such a character as to have a stimulat- 
ing effect upon the average person of health; and it is not at all 
improbable that the great energy of its people, which has resulted 
in the rapid upbuilding of Chicago, is due largely to the peculiar 
nature of its climate. 

In the various topics in this bulletin, the features of climate and 
weather are treated together. By weather we mean the passing 
conditions from hour to hour, and from day to day, while by climate 
we mean the sum total, as it were, of weather for many years. Hann 
says in his Handbook of Climatology (translated by Ward, p. 1): 

By climate we mean the sum total of the meteorological phenomena 
that characterize the average condition of the atmosphere at any one place 
on the earth's surface. That which we call weather is only one phase in the 
succession of phenomena whose complete cycle, occurring with greater or less 
uniformity each year, constitutes the climate of any locality. Climate is the 
sum total of the weather as usually experienced during a longer or shorter 
period of time at any given season. 

By the method of treating climate and weather together, the 
data can easily be grouped or correlated under principal topics; 
ihat is, all temperature data. Whether displaying climatic features 
or weather conditions, will be gathered under one general head of 
temperature, and similarly those for rainfall and snowfall will be 
gathered under precipitation, etc. For purposes of study this 
method will be found more satisfactory than that in whicb an effort 
is made to separate the different phases of the subject into two 
divisions, and it will be equally useful for reference. It is often 
very difficult to decide just where the dividing line between climate 
and weather runs; and, as a matter of fact, a compilation may in 
many cases be used to demonstrate the qualities of both. 

In the chief divisions of this work, the order adopted is that of 
annual, seasonal, and monthly values, followed by the discussion of 
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daily conditions. It is recognized that the common custom in this 
respect has been reversed, but the arrangement makes possible the 
grouping of the daily values in great detail, so that the panorama 
of weather changes presented to the reader is unbroken, while at the 
same/ume the delineation of the various climatic features is as com- 
prehensive as would be the case in any other order. 

Temperature, precipitation, atmospheric moisture, cloudiness 
id sunshine, wind direction and velocity, and barometric pressure 
will be discussed in turn. The data on which these discussions are 
based are chiefly those of the official records, beginning with the 
establishment of the local Weather Office in October, 1870. A series 
of temperature and precipitation records prior to that time, obtained 
from observations made at certain points in Chicago or its vicinity, 
were available, and such have been used in the discussion of those 
subjects, in addition to the official data. The Weather Office has 
been moved from one location to another within the city on several 
occasions, and for various reasons, but chiefly in order to secure the 
best possible exposure for the wind instruments. Detailed references 
to these changes will be made at appropriate places in this bulletin. 

The authors desire to express their indebtedness to Professor 
Charles F. Marvin, Chief of the United States Weather Bureau, 
for his kindness in reading the manuscript of this bulletin, and 
for many valuable suggestions in connection with the several 
subjects. Much use was made of Professor Oliver L. Fassig's work 
on the climate and weather of Baltimore (Maryland Weather Service, 
Vol. II), in determining the form and character of a great deal of the 
statistical data used in this volume. 

The authors desire also to thank the following members of the 
force of the Chicago Weather Bureau office for their generous assist- 
ance in the preparation of the statistical matter and in reading the 
proofs: Mr. E. H. Haines, Mr. A. R. Thorson, Mr. E. C. Band, Jr., 
Mr. A. G. J. Kautz, Mr. F. J. Thomas, Mr. Wilfred P. Day, Mr. 
L. A. Cambridge, and Mr. C. I. Dague. Especial acknowledgment 
is due Mr. Band, who drew most of the graphs and figures. 
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TEMPERATURE 

When we speak of the temperature of the air we mean the 
measure of its condition with respect to heat at any particular 
instant. If, however, we wish to extend the term so as to convey 
knowledge of general conditions covering many successive instants — 
a day, a month, a season, or a year — we must combine the measures 
of the individual cases into average or mean values. The average 
of the temperatures observed at each of the twenty-four hours of the 
day gives the most satisfactory mean temperature for that period, 
but, in the absence of an automatically recording instrument, it is 
not at all times practicable to make the computation in such manner. 
Instead, the average of certain temperature values, which by long 
comparison have been found to differ but slightly from the mean of 
all the hourly readings, is substituted. The most common method 
in the United States is to divide the sum of the highest (maximum) 
and the lowest (minimum) temperatures of the day by 2, and this 
has been the practice of the Weather Bureau from 1872 to the present 
time. Previous to 1872 the average of the temperatures observed 
at 7 A.M., 2 P.M., and 9 p.m. was taken as the daily mean. Results 
obtained by either method ordinarily differ from the mean of the 
twenty-four hourly readings by less than i° throughout the year. 

In presenting temperature data for the various months, the 
terms mean maximum and msan minimum are in common use, and 
express the average of the daily maxima and minima, respectively. 
The mean temperature of any month is the average of its daily mean 
temperatures. We may obtain a close approximation of this by 
dividing the sum of the mean maximum and the mean minimum by 
2, while the average of the mean temperatures of the twelve months 
of the year gives the mean temperature of that year. , 

When a series of mean temperatures for any month is averaged, 
the result is the mean monthly temperature for that month for that 
period, and its deviation from the normal — that is, the mean of a 
very large number of months — depends upon the length of the record. 
Similarly, the mean temperature of a series of years may be averaged, 
producing the mean annual temperature for that period, and if the 
period be suflBciently long, the mean value is the normal temperature 
of the year. 
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4 THE WEATHER AND CLIMATE OF CHICAGO 

It is obvious that these various means, daily, monthly, and 
annual, must change slightly from year to year as long as there is not 
a sufficient record to smooth out the effects of abnormal conditions, 
and consequently they cannot be used to advantage in making com- 
parisons. For this reason, mean values for certain periods are 
arbitrarily assumed or adopted as normals, and comparisons are 
referred to them rather than to the changing means. This dis- 
tinction should be clearly borne in mind, as the terms mean and normal 
are sometimes confused. In this work, the word normal in the sub- 
sequent pages will designate the adopted normal, as the period of 
record is for most elements too short to produce mean values not liable 
to some change by succeeding observations. 

Previous to the commencement of the observations of the 
Weather Bureau in Chicago in 1870, temperature readings as far 
back as 1830 were made at Fort Dearborn, the University, and at 
other places in the city, but prior to 1859 these observations were 
far from continuous. Since 1859 there has been no break in the 
series. During the periods of broken temperature records at Chicago, 
readings were made at various places in northern Illinois, mostly in 
co-operation with the Smithsonian Institution at Washington, D.C. 
In 1893, the late Professor Henry A. Hazen, in preparing his bulletin 
on the climate of Chicago, gathered up these old records and supplied 
for the city temperature readings for the years in which local observa- 
tions were unavailable, by interpolating the data from the records 
made outside the city, but in near-by locations. The temperature 
data appearing in this book for the period prior to 1871 are taken 
from Hazen's Climate of Chicago. They are not official, and the man- 
ner of exposing the thermometers, and their environment, doubtless 
differed considerably from that of the present day. No definite infor- 
mation is at hand on the subject, so that we can take the readings 
merely for what they are worth. The thermometers of the Weather 
Office from its establishment until the removal to the Chicago 
Opera House Building, January 1, 1887, were exposed in a latticed 
shelter outside the office windows; but since the latter date the shelter 
has been located on the roof, the object being to place the thermom- 
eters in such a position as to protect them from sunshine or other 
direct radiated heat, and yet furnish the advantage of free air circu- 
lation. Apparent discrepancies in the unofficial records will later 
be pointed out, and examples given to show how much depends upon 
the location of the thermometer, and how the readings of instru- 
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mentSy even in shelters not far apart, may differ appreciably. Be- 
cause of these facts, the temperature data in this bulletin, and the 
discussion relative thereto, are confined chiefly to the period of oflS- 
cial record, and a similar treatment is given the precipitation data 
which follow the subject of temperature. All entries relative to 
temperature are in the Fahrenheit scale. 

B£EAN TEMPERATURE, ANNUAL, SEASONAL, AND MONTHLY 

Fig. 1 shows graphically the mean temperature of each year from 
1830 to 1910, inclusive. The mean of all these years is 47?7, while 
the adopted normal, based upon the Weather Bureau records from 
1873 to 1905, inclusive, is 48?5, and the mean of the official period 
from 1871 to 1910 is 48?8. Table I presents the mean monthly and 
annual temperatures from 1830 to 1913, inclusive, and the means of 
these values by decades, as well as similar data for the different 
seasons. The monthly and annual adopted normals, 1873 to 1905, 
are shown at the top of the table. A month, year, or season having 
the normal temperature is, however, the exception rather than the 
rule, and it is interesting to note the departure (excess above or 
deficiency below) of temperature from the normal values for the vari- 
ous periods. These departures are presented graphically in Plate I. 

Reliable temperature records kept in Europe at various places 
for more than a hundred years show that there has been no perma- 
nent change during that time, and meteorologists are generally agreed 
that no appreciable permanent change has occurred there during 
even the entire period of written and legendary history. Yet, were 
the data in Table I strictly comparable, we should be forced to the 
conclusion that the years are gradually becoming warmer, with but 
slight and temporary reversions to lower temperature. The mass 
of evidence from many other localities of long record is, however, 
against such a conclusion, and we must seek the explanation of the 
increasing means in changing conditions which might affect the 
readings of the thermometers used in securing the data. Granting 
that the observations of the unofficial period were made with the 
utmost accuracy, and that the interpolations are absolutely correct, 
and that the instruments used were all of the same standard, the 
question resolves itself into one of the nature of the locations of the 
thermometers and the influence of their environment upon the read- 
ings. Repeated experiments have demonstrated that the mean 
temperature in a large city is higher than that of the surrounding 
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country, provided the topography is fairly uniform. This is largely 
because of the lower night temperatures in the country, due to freer 
radiation of heat as compared with the city, where radiation is 
retarded by smoke and otherwise influenced by the character of 
pavements and buildings. These city conditions change gradually, 
of course, with the growth of the place and as it passes through the 
village stage to that of a large city, and ultimately becomes a great 
metropolis, the temperatures in the central portion are held up higher 
and higher each year of growth, so that the readings of a thermometer 
kept in the same position throughout the whole time would indicate 
a climatic change to warmer, while one similarly placed in the open 
country would maintain a fairly even record throughout the years. 

Moreover, the locations of the Chicago thermometers were fre- 
quently changed, and, as will be pointed out later in more detail, the 
position of the instrument with respect to surface inequality, height 
above the ground, protection from direct radiated heat, and air 
movement, aflfects its action to a greater or lesser extent, and pro- 
duces diflferent results in thermometers separated by comparatively 
short distances. 

The mean annual temperatures, even during the period of official 
readings, have doubtless been influenced in a large measure by 
changes in the exposure of the instruments, and a comparison of the 
mean temperatures at the four diflferent locations in the city where the 
Weather Bureau has successively maintained its office should prove 
interesting, and bear out the statement of the previous paragraph. 
These data (Table II, Fig. 2) are not synchronous, nor do they even 
partially overlap, and as a result no exact allowance can be made 
for change of location, but the evidence regarding the general eflfect 
of such changes is plain. According to the actual means the temper- 
ature during the three years at the Chicago Opera House Building 
was lower by 2?6 than it was during the six years at the Federal 
Building, while the means at the Major Block and at the Auditorium 
Tower lie between these extremes. Owing to several remarkably 
warm, and but few cold Februaries, the mean of that month at the 
Major Block is higher than that of any of the other locations; but, 
as a rule, the means are highest at the Federal Building. The length 
of record at the latter, however, is entirely too brief for the determina- 
tion of normals for that location, and this is also the case at the 
Chicago Opera House Building. The very short period of record 
at this place will account for some of the apparent discrepancies in the 
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means, such as the high average for December, as when the number 
of factors entering into the mean is small, accidental abnormalities 
control the resulting value to a large extent. 
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Previous to 1905, upon the removal of Weather Bureau offices 
from one location to another, it was not customary to make synchro- 
nous comparative observations between the instruments at the old and 
the new quarters. Following the removal from the Auditorium Tower 
to the Federal Building on July 1, 1905, however, comparative readings 
were made for a period of six months at both old and new locations, 
and they afford an interesting study of relative conditions. During 
this time the mean temperatures averaged 1?7 higher at the Federal 
Buildii^ than at the Auditorium. The daily maximum and mini- 
mum temperatures for August and December, 1905, respectively, are 
shown graphically in Fig. 3, the Federal Building values averaging 
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1?7 higher in August, and 1?8 higher in December. There seems no 
reason to doubt that the difference in location alone is responsible 
for the temperature at the Federal Building averaging 1 ?7 higher than 
is the case at the Auditorium, and applying this difference to the 
annual mean at the former, as shown in Table II, the value would 
be reduced to 48?7, thus indicating the true mean for the 5i years 
at the Federal Building on the basis of the Auditorium record of the 
previous 15 years, 48?2. In other words, if the record had been con- 
tinued without change of location after July 1, 1905, the mean 
temperature for the period of 5| years ending with December, 1910, 




December, 

1905 

F. 26.00 

A. 24.20 



would have been about 48?7 instead of 50?4 as obtained at the 
Federal Building; and the difference is caused by the change of loca- 
tion of the thermometers, the present one being three blocks farther 
from the lake, and in the midst of the loop or business district, where 
the instruments are more affected by the heat of great buildings and 
other city conditions. Then, too, the corrected mean of 48?7 for 
the Federal Building is 0?4 lower than the 14-year mean at the 
Major Block, 49?1, instead of 1?3 higher, as shown by the available 
records. The periods of observation at both Major Block and 
Auditorium are sufficiently long to establish fairly accurate mean 
temperatures for their respective localities, and while they are sepa- 
rated by an interval of four years, we should expect the mean at the 
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former to be the higher, and this is found to be the case, the values 
being 49?1 and 48?2, respectively. The Major Block is well within 
the loop district, and even farther from the lake than is the Federal 
Building. As a consequence, its location favored a higher tempera- 
ture than that at the Auditorium, and one slightly higher than that 
at the Federal Building; while the fact that the thermometers were 
exposed in a window shelter at the Major Block would in itself be 
responsible for slightly higher temperatures than at the other locations, 
where roof shelters were used. The activities were not as intense in 
the business section from 1873 to 1887 as in later years, and therefore 
heat from the buildings could not have affected the situation quite 
as much as is the case at present at the Federal Building. The period 
of observations at the Chicago Opera House Building was only three 
years — entirely too short to give a reliable mean, and the value of 
47?8, the lowest of any of the locations, may be misleading unless 
this fact is considered. The location, in fact, would favor a higher 
temperature than that at the Auditorium, but the average was 0?4 
lower, and is due rather to actually colder weather during the period 
in which these readings were made. A number of the months durmg 
1887 and 1888 were exceptionally cold, the low temperatures of 
which served to lower considerably the mean temperature, not only 
of the years themselves, but also of the mean for the three-year 
period. 

The foregoing paragraphs illustrate the influence of location and 
exposure upon mean temperature at points several blocks apart, 
but differences are often caused by the surroundings of the observa- 
tion point within quite small limits, and are due to irregularity of 
surface, character of street pavings, height and facings of buildings, 
and many other features peculiar to the particular area under con- 
sideration; and, in addition, to the varying conditions of cloudiness, 
sunshine, and air movement. 

In 1909 the Weather Bureau established for the benefit of the 
public in Chicago a set of instruments in a specially constructed 
shelter, or kiosk, at the southwest corner of Adams and Dearborn 
streets, under the walls of the Federal Building, on the roof of 
which, 140 feet above, are exposed the official thermometers. A 
series of readings, taken during the months following in that year, 
to determine the difference between the kiosk and the official instru- 
ments, furnishes interesting confirmation of the statements above. 
The observations indicate daytime temperatures (maxima), whose 
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variation from the readings of the station instruments depends 
closely upon cloudiness and sunshine, and night time temperatures 
(minima) of nearly constant difference. Throughout the period 
the daytime temperatures averaged at the kiosk on clear days 3?7 
higher than the station instruments on the roof near by; while on 
cloudy days the excess was but 1?3. Some portion of these diflfer- 
ences, probably somewhat less than 1°, may be directly attributed 
to the difference in elevation between the kiosk and the roof shelter, 
and would reduce the excess due to other causes on cloudy days to 
practically nothing, and point to the conclusion that the environ- 
ment of the kiosk — the pavements, the building walls as artificial 
barriers to air movement — together with the heating by insolation of 
the iron structure of the kiosk itself, is directly responsible for the 
pronounced differences in temperature on days of sunshine. It was 
noted, however, that the temperatures did not begin to rise in the 
morning at the kiosk as early as in the shelter on the roof, as on 
account of the high buildings the direct rays of the sun did not reach 
the street until some time later; while on account of shading soon 
after the middle of the day, the fall began sooner than on the roof, 
and was rather more gradual. Occasionally, also, when the official 
maximum was delayed until very late in the afternoon, the kiosk 
maximum, even on a day of bright sunshine, did not, on account of 
this shading at street level, rise as high as that on the roof. 

The night temperatures showed an average excess at the kiosk 
of 0?9 and 1?1 for clear and cloudy weather, respectively, indicating 
a greater loss of heat at the street location when conditions for 
radiation were good. It will be noticed that the excess is practically 
constant in cloudy weather for both day and night, the cloud blanket 
above preventing excessive heating at the kiosk during the day, 
and equalizing the conditions of radiation at night. 

Differences such as those described may be noted in many por- 
tions of the city, and in some locations are even more pronounced, 
especially in so far as night radiation is concerned. Thermometers 
exposed in the more sparsely built sections of the city, or in many of 
the suburban districts, show often much lower temperatures on quiet, 
clear nights than do the official instruments in the loop, influenced 
as are the latter by overhanging city smoke and the immense struc- 
tures near by. This difference has been noted in special cases to be 
as much as 14°, and explains why at certain times the Weather 
Bureau thermometers in the city are well above the freezing point. 



J 

i 



14 THE WEATHER AND CLIMATE OF CHICAGO 

while ice and frozen surfaces are general in the outlying sections. It 
will be apparent from this that the official record must be regarded 
simply as a statement of the temperature conditions at the point of 
exposure of the instrument; and the person interested in any par- 
ticular locality of the city must establish, if only roughly, his own 
"table of differences" if he wishes to use the local forecasts and tem- 
perature data intelligently. 

While the best exposure for a thermometer is in a latticed shelter 
on the roof of a building or over sod, a satisfactory location may often 
be found under a veranda with a north exposure, the position being 
such that the direct rays of the sun are kept from the instrument. 
Should the sun shine upon the thermometer, the reading will be in 
excess of the air temperature at that point, the difference depend- 
ing on the character and proximity of radiating surfaces similarly 
exposed. It would, however, indicate approximately the degree of 
heat experienced by a person exposed to the sun's rays at that loca- 
tion. Radiating surfaces of dark color influence the readings to a 
much greater extent than those of lighter shades. During cloudy 
weather the character of the exposure is not of the importance shown 
above, but the clearer the atmosphere the greater is the difference 
between the readings of a thermometer under shelter and one in the 
open. During the two warm days of September 2 and 7, 1913, 
at Chicago, when the official maximum readings were 97? 1 and 92?7 
a thermometer exposed near by in the sun registered 112?8 and 110?2, 
respectively, the difference being as much as 17?5 on the 7th, a 
Sunday when the atmosphere was clear with the exception of a few 
fleecy upper clouds. On week days, when there is more smoke in the 
atmosphere, the differences between sun and shade temperatures 
are not often great, while on clear, dry days, especially in the 
suburbs away from the smoke of the city, it is probable that 
the differences will range sometimes from 20° to 30°. Greely in 
his American Weather cites an instance in the Arctic of snow 
melting on a dark surface when the temperature of the air was 
18° below zero. 

In view of the various cases of differences described above, it 
will readily be understood why we are loath to use unqualifiedly for 
purposes of comparison the old records of temperature made prior 
to 1871, and it is for the reasons outlined that very little attention 
will be given them in this bulletin; while in the detailed statements 
concerning the official records, the reader should bear in mind the 
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various locations of the Weather Bureau office, and the length of time 
it remained at each place. 

Fig. 2 will serve to show the monthly march of temperature, 
from the minimum in winter to the maximum in summer. The 
variations, of course, are not all of the same amount. Based upon 
the normals, as derived from the record of 1873-1905 (see Table I), 
the average changes from month to month are given in Auxiliary 
Table A. 

AUXILIARY TABLE A 

January to February + 1?7 July to Augurt - 1?2 

February to March + 9?0 Augurt to September - 6?6 

March to April +11?5 September to October ~11?4 

April to May 4-10?« October to November -14?0 

May to June + 9?8 November to December — 9?9 

June to July + 0?1 December to January — 5?0 

January to July +48?7 July to January -48?7 

DEPARTURE FROM NORMAL TEMPERATURE, MONTHLY AND ANNUAL 

There are two ways in common use of showing the abnormal 
features of a month or year: one is to use the difference between the 
mean temperature of the period and the normal temperature, the 
other is to carry the algebraic sum of the daily departures throughout 
the period, the final value representing the departure for the month 
or year. These are called accumulated departures, and possess the 
quality of being more vivid, or easier to understand. To say that a 
year has exceeded the normal by 3^° does not at first strike the 
average person as much out of the ordinary; but to say that during 
the year 1,262° of heat more than usual were experienced attracts 
the attention at once as exceptional. 

In Table III are given the accumulated monthly departures for 
each month, and the accumulated annual departures for each year 
of the official record. The highest and lowest departures are printed 
in heavy type, and indicate the warmest and coldest months and 
years, respectively. A study of this table and of the one following 
(Table IV), which give the departures accumulated through the 
months of each year reaching finally the annual value in December, 
should serve to illustrate further the character of the monthly and 
annual temperatures as shown in Table I, Fig. 1, and Plate I. The 
mean values at the bottom of the table prove, as might naturally be 
expected, that the most variable of the months are those of the winter 
season, and that the summer departures are scarcely more than one- 
third in amount as compared with those of the cold period. The 
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decrease and increase in the amount of departure are fairly uniform 

throughout the year with the exception of May, which shows 
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abnormal qualities greater than either April or June. This condi- 
tion is due to proximity to the lake, whose influence is at ite greatest 
in !May, as will be brought out later, and causes changes of a wider 
range than during either the preceding or the following month. 
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The wannest years are easily 1911 and 1878, with accumulated 
departures of +1,262° and +1,211°, respectively, the mean tempera- 
tures being 52?0 and 51?9. In 1911 each month except November 
was above normal on the average, while in 1878 only eight months 
averaged above normal, although of the remaining four, three had but 
a slight deficiency. By far the coldest year is 1875, with an accu- 
mulated deficiency in temperature of 1,231°, and every month except 
December was below normal. The mean temperature of that year, 
45?1, compared with the mean of 1911, 52?0, gives an absolute range 
in annual mean temperature of 6?9. The years 1875 and 1878, 
however, are more strictly comparable, as the observations in both 
cases were made at the same location, the Major Block, and the 
diflference between these two years is 6?8. In fact, if the correction 
of 1?7 were applied to the Federal Building record of 1911, as might 
properly be done, the average of that year would be reduced to 50?3. 

The average temperatures of the months having the greatest 
departures, together with the ranges, are as appear in Auxiliary 
Table B. Here again the great variability of the winter months is 

AUXIUARY TABLE B 
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brought out, January having the greatest absolute monthly range, 
27?9, with December and February following. The gradual change 
to smaller variability in summer is plainly evident here, as it is in the 
averages at the bottom of Table III, the absolute monthly range 
in August being only 8?7. It is also interesting to note that the 
fluctuations experienced in May are almost as great as those of the 
preceding month of April. 

Table IV brings out more vividly than is possible in Table III 
prolonged periods of excess or deficiency in temperature, as slight 
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reversioDS in periods of heat or cold are often lost in the accumulationB 
through the entire year. In a study of thb table it should be remem- 
bered that the accumulations for December are the accumulations 
for the year also, and the data appearing m the last column are 
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therefore identical with the annual values in Table III. The years 
1875, 1878, 1880, 1906, 1908, 19U, and 1913 have the most pronounced 
accumulated departures, 1875 being a cold year and the remainder 
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warm years. At the end of the month of October, the year 1880 
was warmer than either 1878 or 1911. The year 1878 was the 
warmest at the end of November, but because of a cold period 
in December, the annual mean was lower than that of 1911. The 
uniform excess in temperature in the six years from 1906 to 1911, 
inclusive, as shown in both Tables III and IV, is to a large extent due 
to the present exposure of the thermometers on the roof of the 
Federal Building, which, as has already been shown (p. 11), averages 
1?7 higher than the previous exposure at the Auditorium Tower. 
This average excess would amount to about 52° for the month, and 
620°, nearly, for the year. Such correction would make the years 
1907 and 1909 cold years instead of warm years, by deficiencies of 
385° and 202°, respectively; and reduce 1908 and the record year of 
1911 far below the warm years of 1878 and 1880 as recorded at the 
Major Block. Both the warm period of 1906 to 1911, and 1876 to 
1880, inclusive, were broken somewhat by the occurrence of cold 
months here and there. There has been no other period than that 
of 1906 to 1911 where the accumulated departures continued above 
the normal for three successive years. 

As regards cold periods, the most pronounced are those from 
January, 1883, to January, 1886, from July, 1891, to December, 
1893, and from November, 1903, to December, 1905, the last two 
being less than three years in extent. 

Space will not permit the discussion in detail at this time of the 
conditions of the warmest and coldest months, but a brief reference 
should nevertheless be made to certain of the most striking ones, and 
later more information will be given. The month of January, 1912, 
with its mean temperature of 11?9, was not only the coldest of all 
months in the official records, but there were only two with lower 
temperature during the period of the unofficial records, January, 
1857, 10?7, and February, 1838, 11?0. The period of cold in Janu- 
ary, 1912, was continuous throughout the month, there being 13 
days with minimum temperatures of zero or below, and the absolute 
minimum was — 16°. The December of 1872 was also marked by a 
period of prolonged cold. On the 24th of that month a temperature 
of —23° occurred, the lowest minimum of official record in Chicago. 
The warmest July, that of 1901, 77?4, was exceeded twice in mean 
temperature during the period of the old records, in 1846, 78?0, 
and in 1868, 80?6. In July, 1901, the highest absolute maximum 
temperature of the official record was reached, 103° on the 21st. 
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These data, as well as additional figures bearii^ on the warmest and 
coldest days in the various years, will be found in later tables 
(XXXIX to XLIV). 

WARM AND COLD MONTHS AND SEASONS 

It is easy to pick out the warmest and coldest months and seasons 
from the tables already given, but to list the months and seasons 

TABLE V . 
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which can properly be characterized as warm or cold requires first 
the determination of what shall define a warm month, a cold mouth, 
a warm season, and a cold season. The mean departures shown in 
Table III would indicate that greater ranges occur in the winter 
months, and therefore that a warm or cold winter month must vary 
from ita normal by considerabty more than should a warm or cold 
summer month. Allowing for the number of days in the month, 
these departures average about 5° from December to March, inclu- 
sive, and about 2° for July and August. By adding an extra degree 
beyond the limit of which the monthly values will designate warm 
and cold months, and sliding the scale uniformly throughout the 
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year, we have as the limits for December, January, February, and 
March, 6°; April and November, 5°; May, June, September, and 
October, 4°; and July and August, 3°. As cold and warmth are 
not so frequently protracted through seasons and years, a reduction 
must be made from these limits, and the following were adopted: 
winter, 4°; spring and autumn, 3°; summer, 2°; the year, 2°. On 
this basis the list of warm and cold months, seasons, and years was 
made up, and the data are presented m Tables V and VI. The 
same data for the months are entered m Table VII, for some pur- 
poses a more usable form, as the actual mean temperatures for the 
warm and cold months are entered in their proper places. 

In Table VIII are given the warmest and coldest seasons and years 
with the ranges between the extreme mean temperatures in each case. 
The principal feature brought out in this table is the great range 
between the warmest and coldest winters, 18?9, as compared with 
the small range for the other seasons, and the year as a whole. The 
mean annual temperature of 53?0 in 1846 exceeded that shown in the 
table by 1?0, while there are several years in the old record with a 
lower mean than 45? 1. 

TABLE Vin 



Wabiost and Coldest Sbasonb and Years, 1871- 


1913 






Winter 


Spring 


Summer 


Autumn 


Year 


Normal temDenture 


26.1 


45.6 


70.0 


52.3 


48.5 






Warmest 


37.2 
-fill 
1877-78 

18.3 
- 7.8 
1903-4 

18.0 


51.1 

-H 5.5 

1010 

42.4 

- 3.2 

1873 

8.7 


73.4 

+ 3.4 

1911 

66.6 

- 3.4 

1875 

6.8 


56.4 

4- 4.1 

1908 

48.5 

- 3.8 

1872 

(1875) 

7.9 


52.0 


Departiire 


+ 3.5 


Year 


1911 


Coldest 


45.1 


Departure 


- 3.4 


Year 


1875 


Range ... 


6.9 







The winter of 1877-78 and the spring of 1910 are the warmest on 
record for these seasons, not excluding the entire period of unofficial 
record, and there are only two winters during that time of lower 
mean temperature than that of 1903-4 shown in the table: 1831-32, 
18?0, and 1855-56, 17?3. Several spring seasons in the early days 
were colder than the spring of 1873. The means of the summers 
of 1867, 1868, and 1870 nearly equal that of 1911, and it is unfortu- 
nate that the daily maximum temperatures for those seasons are 
not available. Also, there are several sununers in the old records 
that are colder than that of 1875, and several autumns colder than 
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those of 1872 and 1875, but the mean of the latter season in 1908 is 
higher than that of any autumn in the old records. These com- 
parisons cover the entire period of record from 1830 to 1913, as given 
in Table I, although, as previously shown, exact comparisons are not 
possible owing to the conditions under which the data prior to 1871 
were obtained. 

SUCCE^SSION OF BBA80NS, UONTHS, AND TEARS 

There are many maxims to the effect that pronounced seasonal 
conditions govern or indicate the character of the following seasons 
or year. Table IX was prepared for the purpose of determining 
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whether there is any uniformity in the succession of warm and cold 
seasons and years, and a careful examination fails to aSord any clue 
by which the nature of a season or year may be foretold from any of 
its predecessors. Out of 15 cold winters, only 2 were followed by cold 
winters in the ensuing year, while only 6 were followed by warm 
winters. Of the 12 warm winters, 6 were followed by cold, and 5 by 
warm winters. The same irregularity is evident in the character of 
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the other seasons of the yeax succeeding these cold and warm winters, 
and also in the character of any of the seasons following the cold and 
warm summers. This may also be said regarding the succession of 
the years, although, as pointed out in the discussion of Table IV, 
years warmer than the normal have followed each other in two marked 
instances of several years' duration. 

Reference to Tables I and III will show that there is no more 
uniformity in the succession of months of given character than there 
is in that of seasons or years. There have been several years in 
which the months have been successively above or below the normal 
temperature, while in other instances warm months are followed by 
cold months, and vice versa. It is often said that Nature tends to 
average up, but the average of temperature may be made in a month, 
less frequently in a season, and it is seldom spread evenly over the 
extent of a year or two years. For instance, the warm period begin- 
ning in the summer of 1906 continued through March, 1907, but was 
followed by such cold weather that the accumulated departures were 
reduced to nearly normal conditions by June 1. This March, in 
fact, was the second warmest on record up to that year, and caused 
an unseasonably early start in all kinds of vegetation. The suc- 
ceeding months of April and May were marked by abnormal cold 
and severe frosts that did much damage in the fruit sections of the 
entire Middle West. The mean of April of this year, 39?8, was 
below that of March, 42?6, by 2?8, a phenomenal occurrence when 
it is considered that the normal for April is 11?5 higher than the 
normal for March. March, 1910, was even warmer than the same 
month in 1907, but the warmth continued through the first half of 
April, a cold wave appearing on the 22d, with snow and severe frosts 
on the ensuing days, which caused damage similar to that in the 
spring of 1907. 

The high mean temperature of March, 1907, may be contrasted 
with that of the same month in 1906, 42?6 and 30?2, respectively, the 
latter being lower than that of the preceding January, 32?6. In 
1877, March, with mean temperature of 28?9, followed a warm Febru- 
ary with an average of 37?3. This is the most starthng instance 
of reversion of temperature to be found in the record, the mean of this 
March being actually 8?4 lower than that of the preceding February, 
when under normal conditions for both months it should be 9?0 
higher. It is interesting to note that the greatest of the three instances 
of reversion of temperature in the fall and winter months also 
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occurred in 1877, the warm December of that year, 43?4, being higher 
by 3?4 than November, which waa of nearly normal character. 
Following a cool period in 1889 from June to November, the tempera- 
ture of the three succeeding months was considerably above the 
averf^, the mean for December exceeding that for November by 
2?0. In 1891 the average for December was higher than that for 
November by 1?6. In the study of these various records one is ever 
impressed with the irregularities in temperature, but only in the 
few instances given above do we find in the march of temperature 
throughout the year a spring month to average lower, or an autumn 
month to averse higher, than its predecessor. 

MEAN DAILY TEMPERATURES 

Tables X, XI, and XII give the average daily maximum, average 
duly minimum, and average daily mean temperatures for each day 
of the year, as determined from the period 1872 to 1910, inclusive, 



Di OD (hit diito tocetbcr. uul 



26 THE WEATHER AND CLIMATE OF CHICAGO 

and Fig. 4 presents the same data so as to illustrate the daily march 
of temperature throughout the year. On the average the lowest 
minimum, 13?8, occurs on February I, and the highest maximum, 
82?2, on July 16. Similarly the lowest daily mean temperature, 
21?2, and the highest daily mean temperature, 74?6, occur respec- 
tively on these same dates. This is also true of the highest mean 
minimum temperature, 66?9, which falls on July 16; but the lowest 
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mean maximum temperature, 28°5, occurs on February 4. The 
average highest minimum is seen in the table to occur on July 26, as 
well, but on the average, February 1 and July 16 are the dates of 
highest and lowest temperatures. The temperature therefore rises 
throughout 165 days of the year, and falls throughout 200 days. It 
is interesting to note in this connection that at Baltimore, 2° 35' 
farther south in latitude, the period of rise is 4 days shorter, from 
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February 5 to July 16, and the period of fall 4 days longer (Maryland 
Weather Service, 11, 78), The change from the lowest temperature 
of winter to the highest of summer and back again is not a steady 
march, the advance and retreat of the seasons being accomplished by 
a succession of waves of rising and falling temperature of unequal 
periods, but averaging from three to four days each, accompanying 
the movement across the country of areas of high and low barometric 
pressure with their attendant shifting winds. 
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It will be noticed that the highest and lowest mean temperatures 
do not occur at the times of the solstices, June 21 and December 21, 
when the northern hemisphere receives the maximum and minimum 
amount of heat from the sun, respectively, but lag behind these 
times by more than three weeks in summer and five weeks in winter. 
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The atmosphere and earth are storing heat so* long as the daily 
quantity received exceeds the loss by radiation, and as a consequence 
the time of maximum temperature is delayed until these two factors 
are equal. Similarly, there will be loss of heat during the winter so 
long as the daily amount of radiation from a given region exceeds 
the daily solar insolation, and the time of minimum temperature is 
delayed until the returning sun furnishes daily a sufficient amoimt 
of heat to balance or exceed that lost from the region in question. 
It will.be evident that the maximum temperature of summer, July 16, 
occurs relatively earlier after the solstice than does the minimum tem- 
perature of winter, February 1; or, in other words, that the mean 
temperature rises through a shorter period than it falls, as stated in a 
previous paragraph. Other things being equal, these periods should 
be of the same length, and the times of highest and lowest tempera- 
tures should follow the solstices at the same interval, so that there 
must be some disturbing influence which retards the occurrence of 
the minimum temperature, or accelerates the occurrence of the 
maximum,. or both. Von Bezold divides the earth into three zones, 
an equatorial zone in which insolation is considerably greater than 
radiation, and two polar zones in which the amount of radiation is 
greater than the amount of insolation {Mechanics of the Earth's 
Atmosphere f 3d Collection — ^Abbe, p. 388), and fixes the boundaries 
at between 35° and 40° of latitude. Plainly the equatorial or insola- 
tion zone would be marked by higher and higher temperatures each 
year, and the polar or radiation zones by temperatures becoming 
lower and lower, were it not that the excess of heat in the one is 
transferred by convection (circulation) to the two radiation zones, 
thus maintaining the mean annual temperature. Chicago is situated 
just within the north radiation zone, and this fact explains why the 
minimum temperature of winter is retarded to a seemingly undue 
extent; and also why the period of excess heat in summer is shortened, 
thereby advancing the time of maximum temperature. 

Table X shows that the maximum temperature in June averages 
74?0, in July 79?4, in August 77?7, and in September 71?7. The 
average maximum in January is 31?3, and this is the only month in 
which the maximum temperature averages below freezing. Table 
XI shows that the minimum temperature averages in January 17?0, 
in February 18?5, in March 28? 5, in November 32?7, and in December 
22?6. The mean daily maximum for the entire year is 55?7, and the 
mean daily minimum 41?7. These values, however, do not express 
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much in themselves, but they i 
range for the year, I4?0. 

UKAN DAILY CHANGE IN TEMPERATCHE 

The figures in Table XIII show the mean changes in tempera- 
ture from day to day throughout the year. They are obtained from 
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Table XII by taking the diflferences as they occur, from each day to 
the following. The much greater variability of temperatures in 
winter has already been brought out (p. 15), and we should therefore 
expect these daily changes to be greater in that season. While this is 
true on the averi^e, the extreme values of mean change occur at some 
other time: the greatest of either positive or negative changes on 
June 4, +3?6, and the greatest negative change on October 27, — 3?2. 
There is, of course, the greatest number of positive changes, or days 
warmer than the one immediately preceding, from midwinter to 
midsummer; and the greatest number of negative changes, or days 
cooler than the one immediately preceding, from midsummer to 
midwinter. This follows naturally from the succession of the 
seasons, but is by no means absolutely uniform, as an inspection of 
the table or of the graph in Fig. 4 will show. The greatest number 
of changes to warmer in any month, 21, occurs in April, with an 
average of 1?0 for each change; while the least number of changes 
to cooler, 9, also occurs in April, with an average of 1?9 for each 
change. September holds the record for the greatest number of 
changes to cooler, 21, with an average of 0?8 for each, and the least 
number of changes to warmer, 9, with an average of 0?6 each. 

FREQUENCY OP CHANGES OP STATED AMOUNTS IN MEAN DAILY 

TEMPERATURE 

It is important to know the average frequency of changes of 
certain amounts in mean temperature from one day to the next, and 
for this purpose Table XIV is given. It is a summary of extensive 
data for which there is hardly room in this bulletin, and adds interest- 
ing confirmation to the statements made in connection with Tables 
III and XIII, regarding the greater variations in temperature occur- 
ring during the winter than is the case during the summer. It will 
readily be seen that there are but few instances during the warm 
months where a change of 15° or more between the mean temperatures 
of two successive days has occurred. The number of such changes 
is least in August, when on the average one occurs in ten years, and 
greatest in January and February, when they average more than 
two for each month. In the case of the smaller changes of from 0° to 
6% the conditions are reversed, because by far the larger proportion 
of the daily changes in the summer season are of this kind, while in 
January, for instance, more than one-half of all the daily changes 
are of 6° or more. All portions of the table a, 6, and c show this to 
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be true, and sU emphasize the great irregularity in temperature 
change, especially the last two sections, in that some months show 
20 days or more on which the temperature change exceeds 6°, while 
in other months, even in colder weather, m&rked changes are com- 
paratively few. A striking example is that of November, 1878, in 
which there was only one change of 6° or more during the entire 
month, while in August, 1901, there was not a single instance of 
such a change. It should be understood that the diurnal changes 
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referred to in Tables XIII and XIV are merely the differences in 
mean daily temperature between two successive days, and that they 
have nothing to do with daily range in temperature, which will be 
discussed later. In order to comprehend properly Table XIV, the 
reader should bear in mind that the sum of the number of changes 
from 0° to 5°, and the number of changes of 6°+, in every case equals 
the total number of days in the month; and that the changes of 6°+ 
include those of 10°+ and 15°+, and that the changes of 10°+ include 
those of 15°+. 
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DAILY NORMAL TEMPERATURiS, ADOPTED 

As stated oq p. 4, meao temperatures cannot well be used for 
purposes of comparisoD, as they change somewhat from year to year 
unless the period of observations is long enough to smooth out acci- 
dental irregularities, and certain mean temperatures are adopted 
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as normals instead. Table XV gives the adopted daily normal 
temperatures for Chicago, and a comparison of the data with those 
in Table XII will show that the values have been so smoothed out 
as to present a steady rise from the time of lowest readings in winter 
to the highest readings in summer, and a steady fall thereafter. 
The normal daily minimum of the year, 23°, extends from January 17 
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to February 4, while the normal maximum, 73°, covers the period 
from July 15 to August 5. The normal maximum and minimum 
do not agree exactly with the actual mean maximum and minirp ur n 
in Table XII, 74?6 and 21?2, respectively, and there are two reasons 
for the apparent inconsistency. The periods of observations on 
which the two tables are based are not of the same lei^h, being 33 
years for tbe normals and 39 years for the mean temperatures; and 
again, accidental irregularities have given an actual mean minimum 
slightly too low, and an actual mean maximum slightly too high. 



The use of the daily normal temperatures in characterizing tbe 
various days of a year or month is illustrated in Tables XVI, XVII, 
and XVIII. The warmest and coldest years, seasons, and months 
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have already been discussed in a general way (p. 17), and it will now 
be interesting to note the temperature in these years from day 
to day. In order further to appreciate the great variation in daily 
temperature throughout the year, it was first necessary to have 
before us the daily normal temperatures discussed in the preceding 
topic. Tables XVI and XVII show the differences between these 
normal temperatures and the actual means for each day of the 
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warmest year, 1911, and of the coldest year, 1875, in the official 
records. Table XVIII shows the departures for a nearly normal 
year, 1891, and accentuates the contrast. In 1911 there were sev- 
eral days on which the excess in temperature was more than 20°; 
and in May alone there were 7 such days, the greatest excess being 
25° on the 18th, when a maximum of 92° was reached. In 1875 
there were a few days on which the excess in temperature was greater 
than 20°, that on the last day of the year reaching 29°. There was 
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however, an unusually large number of days with deficient tempera- 
ture, the greatest departure being —34° on January 9, when a mini- 
mum of —20° was reached. In the normal year, 1891 (Table XVIII), 
there were several well-marked excesses and deficiencies in tempera- 
ture at various times during the course of the year, but these balanced 
BO nearly that at the end of the period there was a deficiency of only 
4°. This departure, if distributed equally among the 365 days of 
the year, would amount to practically nothing. 
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These tables show forcibly how changeable is the temperature 
from day to day, and how seldom the normal temperature is expe- 
rienced. The seeming strangeness of this fact disappears when we 
consider that the normal is simply the mean value of many varying 
conditions. (For the relation of the various monthly and annual 
temperatures to their respective nonnals see Table III.) 



TEMPERATURE 37 

EXAMPLES OF DEPARTURES FROM DAILY NORMAL TEMPERATURES, 

WARMEST AND COLDEST MONTHS 

In Plate II are given the curves of daily mean temperatures of 
the warmest and coldest months from July, 1872, to December, 1910, 
inclusive. Daily mean temperatures are not available for the period 
prior to July, 1872. The line of normal temperature is drawn in 
each case, so that the abnormal features of the various months can be 
traced easily from day to day. The curves show graphically the 
wide variations in the mean temperature for the months, especially 
during the winter season; but while the daily readings in these par- 
ticular instances were persistently high or low, there was not a single 
cold month in which the temperature did not rise above normal on 
at least one day, nor was there a warm month, except January, 
1880, in which the temperature did not at some time fall below the 
normal. 

INFLUENCE OF LAKE MICHIGAN ON TEMPERATURE AT CHICAGO 

The lake wind is so powerful a factor in determining the tempera- 
tures experienced in the city during certain seasons that it requires 
description in somewhat . greater detail than would otherwise be 
necessary. For a number of years the temperature of the water in 
the lake was taken by the Weather Bureau. The readings were 
made at 1 p.m. each day when the surface was not frozen, at the old 
stone pier which was located at the foot of Monroe Street. The 
water here was about 8 feet deep, with rocky bottom. During the 
period of observations, which was ended in 1887, no continuous 
record of wind direction was made, but for all purposes of comparison, 
the direction as observed at 2 p.m., one hour after the reading of the 
water temperature, will serve admirably. Table XIX gives the 
daily maximum temperature and the daily mean temperature of the 
air, the temperature of the surface water in the lake, and the wind 
direction at 2 p.m., as observed in 1884, and a study of the table will 
bring out the manner in which the lake wind influences the air temper- 
ature over the city. The mean temperatures in the table do not 
show the eflfect of the lake wind as markedly as do the maximum read- 
ings, but the former more closely correspond to the temperature of 
the water. The temperature of the water near the shore of the lake, 
when above the point of maximum density of water, 39°, is always 
higher with an easterly wind of moderate or greater force, as the warm 
surface water is brought in by it. On the other hand it is lower with 
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an offshore wind, because the warmer surface water is blown out and 
the colder strata of lower depths take its place. August 16 and 19 
are good examples of these conditions. The maximum air tempera- 
ture on the 16th was 80°, and on that day the maximum temperature 
of the water for the season was reached, 73?7, with an easterly wind. 
On the 19th, just three days later, the maximum air temperature of 
the month, 91°, occurred with a southwest wind, but the temperature 
of the water was considerably lower, C8?8. These effects are notice- 
able only when the wind is of sufficient force to drive the surface 
water either toward or from the shore, a light wind having no appre- 
ciable influence, no matter what its direction, in controlling the 
temperature of the water. 

Air moving over a great expanse of water surface tends to acquire 
the temperature of that surface. If warmer, the air will lose a por- 
tion of its heat to the water by conduction; if colder, it will receive 
a portion of the water's heat by the same method. The specific 
heat of air being less than one-quarter that of water, the interchange 
of beat just mentioned will result in a larger change of air tempera- 
ture than of water temperature. The temperatures of the overlying 
air and of the water in Lake Michigan are not often equal, and as a 
consequence there is a practically constant transmission of heat from 
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TABLE JIX—CtMmi 
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the one to the other, which results in the air temperature there 
differii^ from that over the shores. A lake wind, therefore, tends 
usually to raise or lower the air temperature in the city. The 
temperature of the air at Chicago is not influenced by the lake wind 
in the same degree throughout the year. A comparison of the 
means of air and water temperatures in Table XIX shows that the 
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differences grow smaller as the heated season advances, becomii^ 
of the opposite kind before the beginnii^ of winter. Table XlXa 
and Fig. 4a show the mean temperatures of the water in Lake 
Michigan and of the air at the Weather Bureau station in Chicago 
for the period 1902 to 19U, inclusive, by months, and the average 
differences between the two. The data for the water of the lake was 
furnished by the City Engineer, from tri-daily observations taken at 
9 A.H., 2 P.M., and 7 p.m. at the Two-Mile Crib, 24 feet below the 
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surface, and indicate more nearly than do the old shore readings in 
Table XIX the condition of the body of the water toward which the 
lake wind adjusts its temperature. It will be noticed that the diflfer- 
ences are greatest in the spring and early summer, the water being 
colder than the air by 8?7 in May, 8?9 in June, and 8?4 in July. It 
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Fig. 4a. — Relation of lake and air temperatures. 



A»numthly mean temperature of air; W^monthly mean temperature of water in Lake Michigan. 
Record, 1902-11. inclusive. Water temperatures taken at Two-Mile Crib, 24 ft. below the surface, three times 
daily: 9:00 a.m.; 2:00 p.m.; 7:00 p.m. About February 20 and September 25, as indicated by the lines crossing 
each other, the air and water temperatures are the same. 

is during the first part of this period, in May and June, that the lake 
wind influences the air temperatures of the city to the greatest 
extent. By the end of July the differences have begun to lessen 
rapidly, and by the first of October the water has become warmer 
than the air, but is not much in excess until December. Throughout 
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the autumn the on shore breeze exercises but little effect upon the 
air temperature, although it moderates severe conditions very 
much, and tends to hold off frosts until a later time than would 
otherwise be the case. In December, January, and February, 
the air temperature over the city averages much below that of the 
lake water, but the decided moderating influence exerted by lake 
winds during the early portion of this period is occasionally lost in 
January and February, when the surface of the lake becomes frozen 
far enough out to assume the characteristics of a large expanse of 
land, and has therefore but little effect in raising the temperature 
of the air above. 

It will thus be seen that the lake often serves to break up hot 
waves in summer, and, when not extensively frozen, cold waves in 
winter; and because of it hot and cold waves seldom last longer than 
three or four days at a time. Whenever the wind is from the lake, 
the tendency is for the air over the city to acquire the temperature 
of the water in the lake, and the relation is sure to be very close when 
the wind velocity is high. There was only one pronounced warm 
wave in the summer of 1884, August 17 to 20, inclusive, and this was 
broken up in the ensuing days by the lake wind. Table XIX shows 
that when the wind shifted to the lake on the 21st, the temperature 
fell rapidly and continued to fall for several days, the maximum 
temperatures on the 23d and 24th not exceeding 70°, although the 
temperature of the water changed but little. 

While the lake wind is usually felt over the entire city, it is 
occasionally so light as not to be noticeable over the west and south- 
west portions, and, as a consequence, local temperature conditions 
at such times vary considerably. With moderate wind, however, 
the effect is carried far into the interior, and in the spring its influence 
is sometimes felt as far inland as Joliet. The chill of the wind from 
the lake in early spring is rather disagreeable, but in the late spring 
and summer its coolness is most refreshing. At all times it brings 
pure air in abundance, and this, together with its moderating effect, 
is one of the city's valuable assets. 

As water acquires and loses heat more slowly than does the air, 
we should expect that on the average the rise and fall of temperature 
of the water in Lake Michigan would follow throughout the year the 
various changes in mean air temperature by a shorter or longer inter- 
val, and this is found to be the case except in the coldest weather of 
winter when the water temperature has reached the freezing point, 
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below which it catinot fall and remain in the liquid state. Figs, ifc 
and 4c show the mean daily temperatures of the air at the Weather 







Fio. 46. — Relation of lake temperature and air temperature for 1911, warm 
year. Lake temperature at Two-Mile Crib; air temperature at Weather Bureau 
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Fig. 4c.- — Relation of lake temperature and air temperature for 1904, cold 
IT. lake temperature at Two-Mile Crib; air temperature at Weather Bureau 
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Bureau office, and the mean daily water temperatures at the Two- 
Mile Crib, for 1911, an exceptionally warm year, and for 1904, a 
cold year, respectively. An inspection of these graphs will bring out 
the lagging of the change in temperature in the lake behind that of 
the mean air temperature, the interval ranging from two or three 
days to nearly a week. 

COMPARISONS OF TEMPERATURE AT CHICAGO WITH TEMPERATURES 

OF OTHER PLACES 

1. Near-by locations: LaGrange. — In the previous section devoted 
to the influence of Lake Michigan on the temperature at Chicago, 
it was noted that the cooling effects of the lake wind in summer 
are sometimes felt far inland. As a rule, however, the influence of 
this wind weakens rapidly as the interior is approached, and nearly 
or quite disappears at 15 or 20 miles. Then again, as the city is left 
behind, the spread of the open country and the abundant vegetation 
offer much better conditions for the free radiation of heat, and at 
night considerably lower minimum temperatures might be expected 
than would occur in the closely built-up sections of the business dis- 
trict. Table XX, giving the maximum and minimum temperatures 
for Chicago and LaGrange, and the prevailing wind direction for the 
former, for the year 1904, will prove interesting after the study of 
Tables XIX and XlXa, as it brings out clearly the remarkable differ- 
ence a distance of a few miles makes when the city is under the 
dominance of the lake breeze. The year 1904 was selected for no 
particular reason except that the record at LaGrange is complete 
for that entire year, while in most other years it is more or less broken. 
LaGrange is located on the inner margin of the Valparaiso moraine 
about 15 miles directly west of the city, and we should therefore 
expect to find a lower maximum temperature at Chicago throughout 
the spring and summer whenever lake winds prevail, and in the table 
this is almost invariably found to be the case. The maximum 
temperature is usually higher at LaGrange, even when the wind is 
from some other direction, but there is very little difference during 
the winter Season. March 23, April 24 to 28, May 1 to 3, and June 
8 to 19 furnish excellent examples of the pronounced lake-wind effect 
in spring and summer, for both short and long periods. In the 
period last named the maximum temperature at LaGrange ranged 
from 72° to 88°, while during the same time the highest readings at 
the Chicago Weather oflice oscillated between 61° and 77°. For this 



TEMPERATURE 



47 



12-day interval during which northeasterly winds prevailed, the 
daytime maximum temperatures at Chicago averaged 67°, while at 
LaGrange the average was 80°, or 13° higher for the inland station. 
On the other hand minimum temperatures at LaGrange averaged 
lower throughout the entire year than at Chicago, although there were 
days here and there when these readings were higher. As previ- 
ously indicated (p. 9), the minimum temperature should ordinarily 
be lower in the country than in the city, especially during quiet, 
clear nights, and numerous instances of this kind can be found in 
the table. The average difference for the year between Chicago and 
LaGrange is 3?9, and ranges somewhat greater during the summer 
than during the winter, although in exceptional cases differences of 
20° or more are to be noted in both seasons, as on January 4, May 25, 
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21 


14 


17 


NE 


8 


10 


11.... 


27 


30 


E 


23 


23 


17 


19 


N 


7 


6 


12... 


34 


30 


s 


25 


24 


18 


21 


8E 


7 





13... 


27 


25 


NW 


10 


10 


37 


34 


8 


18 


18 


14.... 


20 


22 


NW 


6 


- 1 


35 


33 


NW 


11 


12 


15.... 


31 


29 


8 


12 


- 1 


11 


. 14 


NW 


- 2 


- 1 


16... 


29 


29 


NW 


11 


13 


5 


10 


NE 


- 4 


- 7 


17... 


23 


26 


NE,NW 
SE 


8 


7 


13 


13 


E 


2 


- 1 


18.... 


24 


22 


14 


15 


15 


16 


NE 


12 


13 


19... 


39 


39 


SW 


15 


13 


15 


22 


NE 


8 


- 4 


20.... 


39 


39 


NE 


32 


32 


24 


32 


E 


5 


- 6 


21.... 


37 


35 


NE 


31 


32 


31 


32 


W 


20 


23 


22.... 


34 


33 


N 


25 


25 


31 


24 


W 





- 2 


23.... 


25 


29 


W 


- 2 


2 


38 


36 


NE 


19 


19 


24... 


- 2 


2 


NW.W 


-13 


-11 


21 


21 


NW 


10 


10 


25.... 


11 


4 


NE 


-15 


-14 


16 


16 


E 


5 


4 


26... 


12 


9 


NW 


2 


1 


23 


25 


NE 


14 


11 


27... 


12 


9 


8, W 


- 6 


-12 


41 


38 


8 


14 


5 


28.... 


14 


10 


N 


4 


- 3 


39 


43 


NE 


33 


33 


29.... 


13 


15 


S 


5 


- 2 


35 


35 


E, NE 


27 


28 


30.... 


26 
25 


28 
25 


8 
NW 


9 
6 



13 












31 






























Chicago 
NW 










Chicago 

NE 












LaGrange 










LaGrange 






Meun 


24.4 


24.5 


NW 


11.0 


7.8 


24.4 


25.2 


N 


9.9 


8.0 
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TABLE XK—ConHnwd 





March. 1904 


April, 1904 






Maximum 


P.W.D. 


Minimum 

1 


Maximum 


P.W.D. 


Minimum 




Chicago 


LaGrange 


Chicago 


Chicago 


r 

1 
LaGrange 


Chicago 1 LaGrange 


Chicago 


Chicago 


LaGrange 


1... 


36 


36 


SW 


25 


23 


49 


53 


W 


40 


40 


2... 


61 


60 


S 


32 


28 


41 


43 


NW 


32 


32 


3... 


50 


60 


NW 


13 


14 


34 


39 


NE 


27 


25 


4... 


34 


36 


W 


19 


14 


48 


42 


8 


30 


28 


6... 


44 


40 


S 


31 


30 


63 


59 


8 


38 


32 


«... 


40 


38 


N 


35 


33 


57 


61 


W 


41 


37 


7... 


46 


46 


NW 


32 


32 


53 


64 


E 


31 


31 


8... 


40 


42 


NW 


31 


28 


49 


52 


8 


38 


37 


9... 


36 


41 


E.8E 

sk.8 


28 


24 


40 


42 


NW 


33 


33 


10... 


62 


52 


34 


35 


39 


42 


NW 


- 33 


33 


11... 


34 


35 


N 


27 


26 


60 


54 


8W, W 


33 


31 


12... 


27 


27 


NE 


23 


23 


37 


45 


N 


32 


31 


13... 


29 


32 


NE 


23 


21 


36 


41 


NE 


30 


30 


14... 


27 


30 


N 


24 


22 1 


45 


44 


8W 


29 


26 


16... 


30 


34 


NW 


21 


21 


61 


51 


N.8 


29 


28 


16... 


33 


37 


8E 


26 


24 


32 


43 


NE 


23 


21 


17... 


32 


33 


E 


30 


24 


46 


51 


8W 


28 


24 


18... 


40 


42 


S 


28 


25 


50 


63 


NE,8W 

NE 


33 


33 


10... 


44 


45 


W 


33 


33 


34 


44 


28 


25 


20... 


33 


39 


E 


26 


26 


32 


40 


NE 


25 


25 


21... 


69 


66 


SE 


31 


31 


39 


53 


NE 


31 


25 


22... 


60 


58 


8W 


36 


32 


52 


55 


S.SE 


37 


33 


23.... 


44 


55 


E 


34 


28 


79 


81 


8 


61 


42 


24.... 


65 


66 


SE 


36 


33 


63 


69 


NE 


39 


42 


26.... 


57 


43 


W 


31 


29 


40 


48 


NE 


36 


37 


26.... 


31 


20 


NW 


18 


18 


40 


47 


NE 


37 


37 


27.... 


26 


33 


NW 


16 


16 


46 


58 


NE 


38 


34 


28.... 


41 


46 


8W 


22 


21 


62 


64 


NE 


41 


35 


29.... 


67 


49 


S 


35 


29 


62 


71 


N 


44 


36 


30.... 


46 


45 


8E 


38 


39 


60 


65 


N 


46 


36 


31.... 


67 


58 


W, SW 


41 


43 














I 

















Chicago 
NW 










Chicago 

NE 












LaGrange 










LaGrange 






Meant 


1 41.9 


42.6 


NW 


28.4 


26.6 


47.0 


52.8 


N 


34.4 


32.0 
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TABLE XK—ConHnwd 



^ 





Mat. 1904 


1 


Jmm, 1904 






Maximum 


P.W.D. 


Minimum 


Maximum 


P.W.D. 


Minimum 




Chicago 


LaGraoge 


Chicago 


Chicago 


LaGraoge 


Chicago 


LaGrange 


Chicago 


Chicago 


LaGrange 


1... 


51 


64 


NE 


43 


42 


55 


68 


NE 


48 


42 


2... 


55 


67 


NE 


42 


40 


65 


76 


E 


50 


46 


3... 


54 


71 


NE 


42 


43 


87 


90 


SE 


58 


45 


4... 


66 


80 


SE 


50 


42 


82 


83 


S 


64 


63 


6... 


69 
79 


81 
82 


SE 
S 


57 
59 


49 
54 


77 
65 




SW 

w 


64 
57 




6... 


■"79* ■ 


'■"54" 


7... 


77 


78 


8W 


56 


59 


67 


69 


NW 


55 


50 


8... 


71 


73 


SE 


43 


47 


62 


72 


NE 


54 


52 


«... 


62 


66 


NW 


45 


46 


63 


76 


NE 


52 


50 


10... 


52 


58 


SE 


40 


40 


61 


75 


NE 


53 


51 


11... 


69 


72 


S 


45 


40 


62 


77 


NE 


53 


50 


12.... 


80 


71 


sw 


60 


58 


67 


82 


NE 


53 


48 


13... 


67 


66 


w 


47 


46 


76 


88 


SE 


59 


52 


14... 


52 


55 


NW 


44 


42 


68 


82 


N,NE.SE 


54 


56 


15.... 


44 


52 


NE 


38 


36 


73 


82 


NE 


53 


53 


18... 


51 


56 


NE 


39 


32 


60 


73 


NE 


53 


50 


17... 


50 


51 


NE 


42 


36 


65 


82 


NE 


53 


41 


18... 


50 


63 


N 


42 


38 


77 


86 


SE 


62 


41 


19... 


66 


66 


NW 


47 


45 


70 


82 


NE 


58 


58 


20... 


68 


77 


NE 


55 


50 


83 


88 


SW 


60 


57 


21... 


74 


86 


8E,W 


57 


52 


76 


79 


NW 


58 


61 


22... 


83 


85 


sw 


61 


58 


60 


75 


NE 


52 


50 


23... 


70 


75 


NE 


55 


56 


86 


75 


S 


59 


50 


24... 


72 


75 


SE 


49 


46 


88 


91 


SW 


67 


71 


25... 


87 


89 


SW 


70 


41 


82 


83 


sw 


70 


67 


26... 


74 


75 


sw 


45 


49 


71 


77 


NE 


62 


60 


27... 


71 


74 


NW 


51 


46 


67 


76 


NE 


60 


54 


28... 


75 


77 


S 


55 


48 


67 


75 


SE 


61 


54 


29... 


74 


75 


S 


58 


56 


81 


84 


W 


62 


54 


30... 


58 


60 


NE 


42 


39 


71 


77 


w 


58 


55 


31... 


56 


68 


NE 


45 


40 






























Chicago 










Chicago 












NE 










NE 












LaGrange 










LaGrange 






Memoi 


1 65.4 


70.6 


W 


49.2 


45.7 


71.1 


79.4 


SE 


57.4 


52.9 
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TABLE XX-^anHmud 





Jm.1. IWM 


A,»>v». 1001 




Mut 


„UH, 


P.W,D. 


Ml«i«™ 


Mui 


„^ 


P.W.D. 


Muui 


„„» 




Chmp. 


UOnuio 


Chicgg 


chi««o 


UGriBge 


Cl™«o 


L.O»i>i. 


Chia«o 


Cbiap. 


LaGncK 








NE 




W 






NW 


«! 






U 






H 
















B3 


80 


S 


BO 


«0 


7* 


8! 


SE 


01 






W 


SS 


aw 




00 






SW 




SO 




78 


80 


BE 










W 






«... 


70 


ss 


NE 


S7 














7... 


a 


71 


NE 


U 


S7 


7* 


80 


w 


SO 


M 


8... 


n 


SO 


8W 


m 


H 






NE 








n 


8t 




OS 








S 






lo!!! 




8S 


















11... 


BO 


8S 


SE 


66 


U 


B6 




NE 


M 


48 




H 


80 


N, NE 


00 








SE.8W 








n 


84 




SI 










SS 




»'.'.[ 


u 


80 






BO 






N, NE 






IS... 


s« 


11 




B« 


sa 


B« 


SB 


Sw 


SS 


«0 


IS... 


M 




BW 




S3 






N 








M 




SW 










N£ 






a'.'.'. 


93 


00 


SW 


7J 


7! 












w... 


SO 


03 


NE 


71 


SS 


7J 


71 


BE 


S3 


Bl 


w... 






NW 


70 






80 


N 


SO 


























»::: 


7! 


ss 


NE 


BI 














M... 




77 


NE 


M 


S3 


70 


BO 


SW 


s* 


48 




•0 




NE 










SW 


00 




as!!! 


81 




















M... 


70 


St 




ti 


«0 




7 








«... 


SO 




8W 


la 




73 




8W 


i* 


48 




09 




NE 








8 


SW 






It!" 


SO 






ss 














JO... 


ss 


M 


SW 




e« 




7 


NE 












W 


ss 


M 


71 




SE 


B4 




__ 






CUago 










Chiogo 






















NE 












UOruw 










UGcuic 






M»c 


77,8 


80.0 


W 


U.) 


M.S 


7i,3 


82,a 


NE 


01 .3 


U.I 
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TABLE XX— Conhnuetf 





Skttiicber, 1904 


OCTOBKR, 1904 




Mazimuin 


P.W.D. 


Minimum 


Maximum 

r 


P.W.D. 


Minimum 




Clucago 


LaGrange 


Chicago 


Chicago 


LaGnuQge 


Chicago 


LaGrange 


Chicago 


Chicago 


LaGrange 


1.... 


82 


80 


SW 


67 


66 


72 


74 


W 


52 


48 


2.... 


77 


81 


W 


64 


65 


60 


59 


NE 


52 


44 


3.... 


71 


74 


W 


59 


56 


59 


64 


S 


45 


38 


4.... 


76 


78 


W 


58 


51 


73 


73 


s.sw 


50 


44 


5.... 


68 


78 


NE 


59 


55 


64 


63 


NE 


49 


47 


6.... 


74 


82 


SE 


63 


54 


49 


52 


NE,E 


45 


37 


7.... 


72 


75 


NW 


62 


54 


60 


60 


s 


42 


31 


8.... 


65 


73 


NE 


60 


58 


72 


74 


SW 


54 


51 


».... 


80 


80 


SW 


58 


51 


77 


80 


SW 


65 


60 


10.... 


87 


88 


SW 


64 


51 


78 


81 


SW 


59 


60 


11.... 


73 


73 


NE 


60 


56 


59 


61 


NE 


53 


52 


12.... 


60 


64 


E 


52 


44 


53 


57 


NE 


50 


47 


13.... 


65 


65 


SE 


54 


42 


53 


58 


E 


50 


43 


14.... 


58 


60 


NW 


47 


44 


53 


56 


E 


47 


37 


15.... 


67 


69 


SW 


47 


39 


58 


66 


SE 


50 


37 


16.... 


76 


78 


SW 


52 


51 


69 


72 


S 


48 


37 


17.... 


85 


87 


SW 


59 


48 


78 


77 


SW 


56 


46 


18.... 


73 


73 


NE 


60 


61 


75 


76 


SW 


57 


48 


19.... 


72 


78 


SE 


60 


60 


74 


73 


s 


54 


44 


20.... 


70 


66 


NE 


52 


44 


54 


63 


SW 


44 


43 


21.... 


55 


57 


NE 


47 


44 


50 


51 


w 


43 


40 


22.... 


60 


64 


SE 


47 


42 


45 


49 


NW 


39 


35 


23.... 


76 


78 


S 


51 


43 


50 


54 


W 


35 


32 


24... 


72 


73 


SW 


67 


67 


55 


57 


W 


44 


42 


25.... 


67 


77 


NE 


58 


59 


48 


52 


w 


37 


33 


26.... 


66 


69 


NE 


58 


51 


50 


55 


NE 


37 


33 


27.... 


63 


72 


NE 


55 


52 


46 


49 


SW 


34 


30 


28.... 


83 


83 


S 


62 


59 


57 


59 


SW 


34 


31 


29.... 


79 


81 


w 


69 


64 


59 


67 


NE 


42 


34 


80.... 


69 


69 


NW 


58 


55 


50 


57 


SE 


44 


35 


31.... 


•^» 










62 


65 


SW 


39 


28 








Chicago 










Chicago 












SW 








• 


SW 












LaGrange 










LaGrange 






Meam 


71.4 


74.5 SW 


57.6 


52.9 


60.1 


63.0 


SW 


46.8 


40.9 
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TABLE XX—Cg-tbwW 





Horatui. IMH 


D«„..^100i 




MHiinun 


P.W.D. 


MUu, 


.u. 


Mui 


^^ 


P.W.D. 


Hinu 


..M. 




Chiaca 


li^«ng. 


CUogo 


ChiaK 


UO^p. 


CUaW 


UOrwgt 


Chiaeo 


Clu<w LtOrtw 


1 


ST 




&W 














IT 










































































































































































































































































































































































































































































































































































































































































































Cbingo 










Cbi»«i. 






















































SI, 7 




M.I 


M.B 


32. S 


J2.3 




!1.0 


IT.I 



TibfeZXcaDtiOwllwiUiil; 
preniliDg wind dinetion it Chiafo 1 
«ii (be Auditotimn Tower, 



Uuae at I^Gruifewi 



It Cbiago ud UGiugc III 
>t Chicuo im opOMd ii 
> ibeltM I r*« r«t ibovt the ■wL 



BuiouiT or TuLi ZZ 



suti™. 


JlUl, 


Fob. 


M«. 


April 


Mv 


Jaw July 


Aug. 


Sept. 


Oirt. 


Not. 


Deo. 


Aannd 


Prai, Wd. Dir.. ChicHQ 

UeuMu. JChioga 
Tioip lLiG»ii|E 

HeuMiD. /Chic*«i>. 

Ttnp. ilatinw 


Nff 

is:? 




2fl.a 

34:< 


314 

■42:4 


ftS.l 


T1.1 
E7 4 


7T.8 
SS.O 

Tsis 


m:i 


71.4 

ii:i) 

fla:7 


U.I 

4o:b 

!:! 

K.l 


4iA 

3fl.3 

30.S 


at 

17:1 
iij 


BW 

35:b 

Mis 

la.s 
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and June 18, 1904. During the summer of 1904 there were but 
4 days on which the temperature reached a maximum of 90^ or over 
at Chicago, while there were 11 such days at LaGrange. On some of 
these warm days, when with a prevailing offshore wind the temperar 
ture was higher at LaGrange than in the city, the wind temporarily 
shifted to the lake for a few hours during the afternoon, thus lowering 
the maximum temperature sufficiently to affect the mean for the day 
as well. The temperature data for LaGrange for the warm summer 
of 1913 are not available, but a comparison between the readings at 
Joliet, about 18 miles farther inland, and Chicago shows that during 
the months of July and August there were at the former place a total 
of 24 days in which the maximum reached 90^, while in Chicago the 
total equaled only 11. This example is given here, as the heat of the 
summer of 1913 was pronounced over a large area, and the data 
emphasize the moderating influence of the lake as brought out in the 
table. The greater frequency of severe temperatures in the winter 
at LaGrange is also apparent from Table XX, where it will be seen 
that there were 22 days at this inland station with a minimum of 
zero or below in 1904, while there were but 10 days of similar 
character at Chicago. As a consequence of the ordinarily higher 
maximum and lower minimum at LaGrange, its daily range of 
temperature is correspondingly greater, averaging for the year, 21?2, 
as compared with 13?6 in the city. The average maximum tem- 
perature for 1904, 57? 1, was 3?7 higher than that at Chicago, while 
the average minimum, 35?9, was 3?9 lower. In the summer months 
the mean daily range at LaGrange was 26° or more, and averaged 
about 10° greater than in the colder season, while at Chicago the 
range in comparison was fairly even throughout the year. Yet, in 
spite of the great difference between the maximum and minimum 
temperatures of the two places, it is interesting to note that the 
mean temperatures for the year as a whole differed only by 0?1, 
Chicago averaging 46?6 and LaGrange 46?5. From this it will 
readily be seen that mean annual temperatures alone are far from 
conclusive in the comparison of climates, but that the range of 
temperature, the upper and lower limits, and the frequency of 
extreme conditions must be taken into consideration. 

2. Northern Illinois. — ^Table XXI gives the mean annual tem- 
peratures for 23 stations over northern Illinois, including Chicago, 
for the entire period of their records up to and including 1906. The 
length of these records necessarily varies considerably for the different 
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stations, most of the observere renderii^ voluntary services, which 
have been more or less interrupted. Unfortunately, the mean 
maximum and mean minimum temperatures for these places are 
not available, but the greater daily range holds good for these inland 
stations just as was shown to be the case at LaGrange in the previous 
paragraph. This statement is borne out by the highest and lowest 
readings observed durii^ the period of record, the minimums ranging 
from 1° to 9° lower than the absolute record of —23° at Chicago, 
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and the maximums exceeding the city's record of 103° by the same 
Eunounts (_Bulletin W, Summary of Climatological Data for the United 
States, sec. 64, p. 6, U.S. Weather Bureau). It is a remarkable fact 
that the average of the annual means for all these various station.'' 
Is 48?7, exactly the same as the 36-year mean for Chicago, and this 
is even more significant as to the indefiniteness of annual values 
for purposes of comparison than was the small difference between 
the means for the year 1904 at LaGrange and Chicago. la indi- 
vidual cases, too, the maximum and minimum temperatures at many 
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of these places show greater departures from the readings observed 
at Chicago than does LaGrange, yet the annual means do not differ 
appreciably. 

3. Other portions of the United States. — To extend in a very general 
way the comparison of the mean temperature of Chicago with that 
in other portions of the United States, Plate III has been introduced 
at this point, giving the annual isothermal lines for the entire country. 
It will be noted that the isotherm representing the mean annual 
temperature of 60° passes east-westerly through northern Illinois a 
short distance south of Chicago, and this is in harmony with the con- 
ditions prevailing in that section of the state as brought out in the 
discussion of Table XXI (p. 53). This plate shows the southward 
dip of the lines in the moimtain regions, indicating the influence of the 
greater elevations in lowering the temperatures of those districts; and 
the northward dip in the great valley of California, where bright and 
almost uninterrupted simshine during the da3rtime results in a region 
of imusual warmth. As, however, the map gives no information 
whatever as to daily ranges, or seasonal ranges, of temperature, 
comparisons between the climatic conditions of different places must 
be made with caution if it is used alone. Space prevents the publica- 
tion of isothermal charts of the various seasons, but in those of 
spring the influence of the cold water of the Great Lakes is distinctly 
to be seen in the southward bending of the lines in that region, while 
in the summer the opposite trend is given to the lines passing over 
the superheated areas of the plains states stretching eastward from 
the foothills of the Rockies. 

Table XXII and Fig. 5 give more detailed data regarding the 
temperature conditions of various sections of the coimtry, as repre- 
sented by 15 cities selected in the different regions. The monthly 
and annual normal temperatures are shown for these places, including 
Chicago, and will serve to particularize more clearly the information 
to be gained from a study of Plate III, but even monthly normals or 
means present the same disadvantages in comparisons as do annual 
values, only in lesser degree. The mean temperatures of two places 
may be exactly the same and yet, as previously pointed out, their 
variation in temperature may differ radically. For instance, the 
mean temperature of Chicago is only 4° lower than that of Portland, 
Ore., and to the casual observer this might be taken to indicate that 
higher temperatures prevail at the latter place. This is, indeed, 
pronouncedly the case in winter, but in the summer season the 
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relation is reversed. At Portland the range in temperature from 
month to month and from day to day is very small, especially during 
the colder weather of the rainy season, from November to May. 
A city whose average annual maximum temperature is 70° and whose 
average minimum temperature is 30° will have an annual mean of 50°; 
another city may have the same annual value, but its average maxi- 
mum and minimum may be 60° and 40°, respectively. We must 
therefore study the ranges in temperature as well as the average 
monthly and annual means in order to make proper comparisons. 



Stoiw 


Jan. Feb. 


Mar 


Apnl 


M^- 


Jun. 


July 


AUR, 


S.pt. 


Oct, 


NoT.lDn. 


Annual 




s i 

» 31 
44 K 

i i 

i i 


SI 
M 

M 
6S 


43 

m 

m 

46 

g§ 

68 


Si 

i 


82 
?2 

-9 


K 

i 

68 

7 
69 

n 

8 
6 

11 


4) 
*6 
71 
So 


58 
S7 

78 


4 
02 


si I 

i ; 

II 1 




Bu FniHHia, CiL 


ra 
























i'i i 


















t\ 




70 


"1" 


» 



Tible ZZn cODUiM Iba mantbly ud umuil 
SUtM. Tb* nhKa u< ikown gnphiaUy in Fi(. J. Ox 
centnl, and WMthvD portioni of (he eountry. 

Plates IV and V show the extremes in temperature which have 
been experienced in the various portions of the country, and empha- 
size features which cannot be brought out in the plate, figure, and 
table immediately preceding. The highest temperatures, as shown 
oa Plate IV, occur in the desert and semiarid regions of Arizona and 
California, while the lowest temperatures, as shown on Plate V, are 
to be found in northeastern Montana. Moreover, in the plains 
states as far north as the Dakotas sumiper maximum temperatures 
are higher than is the case in the extreme South. There is practically 
no portion of the country in which the temperature has not at some 
time or other fallen as low as 30°, and zero temperatures have occurred 
as far south as the eastr-central Gulf coast. 

In endeavoring to comprehend the temperature conditions of 
Chicago in relation to those of other portions of the United States, it 
will now be helpful to secure a view, bird's-eye, as it were, of actual 
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periods of extreme heat and cold. During July, 1901 (Plate VI), 
one of the most severe hot waves on record prevailed over the greater 
portion of the country, a maximum temperature of 103° being reached 
at Chicago on the 21st, and readings of from 104° to 106° being general 
in the middle Mississippi and lower Missouri valleys, as indicated 
on the second map of the plate. The maps of July 22 and 23 show 
the hot wave continuing over the interior portions of the country 
with even greater intensity than on the two preceding days, but 
broken over much of the Great Lakes region. The break in tempera- 
ture was especially pronounced at Chicago, where the temperature 
on the last two days did not rise above 76° and 82°, respectively. 
The low temperature at Chicago was ushered in and maintained by 
the lake breeze, which blew steadily throughout the dajrtime hours, 
and in this case proved itself indeed the "life-saver of the community." 
The pressure conditions which produced this great heat period, and 
the adjustment which permitted the lake wind, are discussed later 
(p. 353). A severe cold wave swept over the northern and central 
states during the early part of February, 1906, the morning tempera- 
tures of which on the 5th and 6th are shown in Plate VII. The 
cold was very intense throughout the northern tier of states, as 
indicated by the lines and figures in the plate. On the morning of the 
5th the readings were as low as —48° in the northern Lake Superior 
region, and had reached —2° in southwestern Missouri, and low 
temperatures continued generally during the 6th with but slight 
moderation, yet on .the two days in question 12° and 10° above zero 
were the morning readings in Chicago, the wind shifting to the lake 
and tempering decidedly the cold in the city. Such conditions, as 
indicated on p. 44, happen frequently during the winter season. 

In addition to mean temperature and the extent of temperature 
range, the frequency of hot and cold periods is important in estab- 
lishing the temperature features of any locality. Fig. 6 and Tables 
XXIII and XXIV give the average monthly and annual number of 
days with maximum temperature of 90° or over, and minimum 
temperature of zero or below, for certain stations selected so as to 
cover practically the entire country. Chicago averages 8 days in 
each summer with maximum temperature of 90° or over, as does 
St. Paul, Minn., while Bismarck, N.D., farther to the northwest, 
averages 14 . 2 such days. On the other hand, while Chicago averages 
in winter 9.2 days with temperatures of zero or below, St. Paul 
experiences nearly 4 times as many, 34 . 5, and Bismarck nearly 6 
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times as many, 54.3. With the interior cities of the West and 
South, Denver and St. Louis average more than three times as many 
hot days as does Chicago, and Denver has the greater number of 
days with zero temperature also. New York City averages 6.8 
days with maximums of 90° or over, somewhat less than Chicago, 
while Buffalo, N.Y., and San Francisco, Cal., have low averages 

TABLE xxui 
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of 0.4 and 1.1 days, respectively, because their prevailing winds 
are from water surfaces. The great expanse of the Pacific Ocean 
protects San Francisco, in common with all other western coast 
cities, from the extreme rigors of the winter season, and it does not 
experience zero weather; and while New Orleans is too near the 
tropics to expect such conditions, it has experienced temperatures 
differing from zero by less than 10°. 



ABBOLnTE HONIULY MAXIMUM AND MINIMUM TEMPERATURES 

We have now reached a point where greater details can be given 
regarding the temperature records of the Chicago Weather Bureau 
office. Tables XXV and XXVI give the highest maximum and 
lowest minim nTn temperature, respectively, occurring in each month 
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of the year during the period of official record, and the annual values 
together with the mean annual temperatures are graphically portrayed 
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in Pig. 7. Table XXV shows that on the average a maximum tem- 
perature of 90?0 is reached some time during the month of June, 94 ?4 
during the month of July, and 91?8 during the month of August, and 
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in no other months does the temperature average to reach or exceed 
90°. Table XXVI shows that on the average a minimum tempera- 
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ture of — 6?8 b reached some time during the month of Jaauary, 
— 3?9 during the month of February, and — 0?1 during the month 
of December, and that the temperature does not average to fall with- 
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in 10° of zero in any other month. These statements must not be 
construed as contradictory in any sense to the discussion in con- 
nection with Tables X and XI (p. 25), and must be understood as 
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applying only to the absolute extremes of temperature for each month, 
whereas in the previous case the mean maximum and mean minimum 
temperatures were under consideration. 

PRBQUBNCy OF DAYS WITH TEMPERATURE OF 90° OR OVER 

Fig. 8 shows graphically the great variation in the frequency of 
high temperatures from one year to another, and the detailed data 
in Table XXVII supplement, as far as Chicago is concerned, the 
averages found in Table XXIII, While the temperature reaches 
90° on an average of 8 times each year, it did not once reach 90° 
in 1875, the coldest year on record, and it reached it only once in 
1882 and only once in 1884. The greatest number of times on which 
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90° or over has been reached, exclusive of 1911 and 1913, is 18 days 
in each of the years 1895 and 1900, although the monthly frequency 
in the two years was quite unequal. In 1895, of the 18 days, 4 
occurred in May, 3 in June, 2 in July, 3 in August, and 6 in Sep- 
tember; while in 1900, none occurred in either May or June, and there 
were 7 in July, 10 in August, and 1 in September. The year 1900 was 
on the whole warmer than the normal, with its August the warmest 
month of that name on record, but the year 1895 showed quite a 
deficiency in temperature. The averages of the monthly records 
in Table XXVII, however, give the greatest frequency for days with 
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high temperatures to July, 3.8 days. August follows with 2. 1 days, 
and June is next with 1 . 2 days ; September averages . 8 day, while 
90° or over is comparatively rare during May, the average beii^ but 
0.1 day. By months, the greatest number of occurrences of 90° 
or over is as follows: May, 6 in 1911; June, 8 in 1913; July, 11 in 
1901; August, 10 in 1900; and September, 6 in 1895. In 1878, one 
of the warmest years from the standpoint of the annual mean, there 
were but 4 days with a maximum temperature of 90° or over; while 
in 1901, a year shghtly below normal, there were 16 such days, 4 
occurrii^ in June, 11 in July, and 1 m August. July of that year 
was the warmest month on record, and had the highest absolute 
maximum temperature ever ofScially observed at Chicago, 103°. 
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Theae variations witli tliose noted above lead to the conclusion that 
some years are warmer than the average because of sustained moder- 
ate heat, while others are warmer because of the relative frequency 
of hot days. The year 19U in Chicago was the warmest since the 
establishment of the Weather Bureau office, if we accept the Federal 
Building record without correction, and it was marked by an extraor- 
dinarily large number of hot days, 90° or over being reached 22 
times, 4 days more than in either 1900 or 1905, although the number 
was equaled in 1913. Of these 22 days, 6 occurred in May, 5 in 




Fio. 8. — Annual number of dayB with maximum temperftture of 90° or over 

(see Table XXVII). 

June, 9 in July, and 2 in August, and May and June were the warmest 
of those months on record. In 1913, the occurrence was June, S; 
July, 7; August, 4, and September, 3. 



In addition to the relative annual and monthly frequency of hot 
days, it is important to secure an idea of the length of periods of 
such extreme conditions, and the longest of each year are shown in 
Table XXVIII. The average length is 2.8 days, and the longest 
period experienced is 8 days, from August 4 to 11, 1900, the absolute 
maximum during that time being 94°. There are several summers 
apparent in the table in which the temperature did not reach 90° 
on any two successive days. In fact, warm waves in Chicago are 
of such brief duration, being interrupted by changes to moderate 
and pleasant weather, that residences and other buildings seldom 
become heated to an uncomfortable degree when proper precautions 
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are exercised. It will be noted that by far the greater proportion 
of the periods recorded in Table XXVIII occurred either in July 
or August, 21 of the 31 occurring in these two months falling in July, 
and indicating a greater frequency of periods of extreme and sus- 
tained heat in that month. 

On such days the temperature remains at 90° or over for a variable 
period, depending largely upon the absolute maximum. Durii^ the 
hot waves of July, 1901, and June-July, 1911, when the thermometer 
in Chicago passed the 100° mark, reaching 103° and 102°, respectively, 
the temperature remained at 90° or above for from 10 to H hours on 
TABL£ xzvm 
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each day, as shown in Auxiliary Table C, which gives the actual timea 
and extent of the high temperatures. On July 4 and 5, 1911, the 
temperature remained above 90° for 14 hours each day, reachii^; a 
maximum of 102° at 4 p.m. on the 4th, and at 3 p.m. on the followmg 
day. On the 4th the last reading of 90° was at 11 p.m., the latest at 
night that this degree has occurred within the period of record, 
although on the 5th it continued as late as 10 p.u. In the morning 
90° was reached exceptionally early during both hot waves : at 9 a.m, 
on July 21, 1901, and at the same hour on July 2 to 5, inclusive, 1911. 
Fortunately, such days are very rare in Chicago, and can happen only 
when conditions are unfavorable for the setting in of the lake breeze. 
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Extreme heat would occur in the city much more frequently were it 
not for this beneficent wind, and would often extend over a much 
longer period, as is the case in the interior sections away from the 
lake. In this connection it is interesting to note that on July 5, 1911, 
the last day of the second period shown in the table, the minimum 
temperature for the entire twenty-four hours was 82° at 5 a.m., the 
highest minimum ever recorded at the Chicago Weather Bureau oj£ce. 

AUXILIARY TABLE C 
LnraiH Of TzMB wm Tbmpsbatuhb op Vff ob Cm, Dubino Hot Watis op 1901 and 1911, Chicack) 
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* On July 21, 1901, temperature fell to 84* between 1 and 3 pjc 
t On July 3. 1911, temperature fell to 88* between 9 and 11 ajc 
X On July 4. 1911. temperature fell to 89* between 8 and 10 p.m. 

Indeed, on only two other days have minimum temperatures as 
high as 80^ occurred, this mark being just reached on July 16 and 17, 
1878, when the maximum readings were 97® amd 95®, respectively. 
Ordinarily, in hot-wave periods with daily maximum temperatures 
of 90° or over, the temperature falls below 80® for at least several 
hours during the night; and it has been found that the daily mini- 
mums in such conditions average about 73?2. 



FREQUENCY OP DAYS WITH ZERO TEMPERATURES, MINIMUM AND 

MAXIMUM 

Turning now from the consideration of conditions of extreme 
heat to those of extreme cold. Fig. 9 and Table XXIX give in detail 
data regarding the number of da3rs, monthly and annually, of mini- 
mum temperatures of zero or below, and supplement for Chicago 
Fig. 6 and Table XXIV. The average number of such da3rs occur- 
ring throughout the year is 9.2, distributed as follows: January, 
4.1, February, 3.1, March, 0.2, November, 0.1, and December, 
1.6 days. The time of greatest frequency is therefore during the 
month of January, with February following closely. One in about 
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every 8 days in January, and one in about every 10 days in February, 
are days on which the temperature reaches zero or goes below for 
some portion of the time, although the zero weather of February is 
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Pio. 9. — Annual number of daya with minimum temperature of lero or 
below (Bee Table XXIX). 

confined chiefly to the first half of that month. In 1875, the record- 
breaking year for cold weather, temperatures of zero or below 
occurred on 27 days, 11 of these being in January, 14 in February, and 
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1 each in November and December. On the other hand, in 1906 
zero did not occur on any day of the year, and there are a number of 
years within the period of record in which zero was reached on less 
than 5 days. By months, February holds the individual record, 
zero or lower havii^ occurred on 14 days in that month in 1875, as 
noted above, but January is really the month of greatest frequency, 
havii^ 13 days in each of the years 1887, 1888, and 1912. In March, 
1873, there were 3 such days ; in November, 1887, 2, and in December, 
1901 and 1903, 7 days each. 

A day on which the minimum temperature reaches zero, or goes 
below it, marks, of course, severe winter weather in the city of 
Chicago, and it is but seldom that the mercury remains so low 
throughout the entire period of twenty-four hours. There have been 
a few instances of this kind, however, on which the maximum tem- 
perature for the day did not rise above the zero point, and these dates 
are set forth in Table XXX. Although the total number of such days 

TABLE XXX 
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within the entire period of official record is only 26, the decidedly 
larger proportion, 16, have occurred in January, as was the case in the 
occurrence of zero minimum temperatures. Of the remaining cases, 

8 occurred in February and 2 in December, which follow the order 
of frequency shown in the preceding table. No other months have 
been marked by such low maximum temperatures, and these 26 
cases in the winter months were confined to 14 years. This would 
indicate a frequency of about one year in every three, but it will be 
noticed that in only 5 years has a single instance occurred, the other 

9 years having 2, 3, or 4 each. January, 1883, and January, 1893, 
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had each 3 such days, but in no other mdividual month have there 
been more than 2. 



LONGEST PEBIODS OF CONSECUTiyE DATS WITH TEMPERATURES OF 

ZERO OR BELOW 

As is the case in regard to hot weather of the summer season 
(p. 71), a study of the frequency of severe cold weather during the 
opposite season must be incomplete unless an idea is gained relative 
to its length. Table XXXI gives the longest period in consecutive 
days for each of the fourteen years shown in Table XXX, when daily 
maximum temperatures of zero or lower were recorded. In only 5 of 
these years were there 2 or more consecutive days, and in only one 
year were there more than 2. This was in 1883, January 21 to 23, 
inclusive, during which time the temperature fluctuated between 

TABLE XXXI 
LoMOMT PmuoDS OP Commcmpn Datb win Maximum Tbmpsbatuhb op Znto ob Bblou; 1873-1913 











Lowest 


Lowest 










Lowest 


Lowest 


Tmt 


Begui 


Ended 


Length 


Mud- 
mum 


Mini- 
mum 


Yeur 


Befui 


Ended 


Length 


MUD- 

mum 


Mim- 
mum 


1879... 


Jul 3 


Jul 3 


1 





-18 


1895.. 


Jul. 27 


Jul. 27 


It 


- 1 


- 9 


1880... 


Dee. 28 


Dec. 28 


1 


-1 


-12 


1897.. 


Jul. 25 


Jul 26 


2 


-10 


-20 


1883... 


Jul 21 


Jul 23 


3 


-4 


-17 


1899.. 


Feb. 9 


Feb. 10 


2 


- 8 


-21 


1884... 


Jul 4 


Jul. 5 


2 


-6 


-18 


1901.. 


Dee. 15 


Dec 15 


1 


- 2 


-12 


1888... 


Feb. 9 


Feb. 9 


1 


-4 


-18 


1904.. 


Jul 24 


Jul 24 


1 


• 


-13 


1889... 


Feb. 23 


Feb. 23 


1 


-2 


-U 


1905.. 


Feb. 13 


Feb. 13 


It 


- 4. 


-18 


1893... 


Jul 15 


Jul 15 


1* 


-4 


-16 


1912.. 


Jul 5 


Jul 6 


2 


- 5 


-11 



* Abo three other dates, 
t Abo one other date. 

zero and —17^ not rising above —4*^ on either the 21st or 22d. 
While during the cold wave of January 25-26, 1897, the maximum 
temperature was below zero on but 2 days, the temperature did not 
rise above —10*^ on the 25th. This is the lowest maximum temperar 
ture on record at Chicago, and as the minimum on this day was —20°, 
the mean temperature for the day was —15°. January 25, 1897, 
therefore, as determined by its mean temperature, was the coldest 
day in Chicago during the history of the Weather Bureau oj£ce, 
although the absolute minimum was —23°, on December 24, 1872, 
with a mean temperature of —9°. 

Table XXXII gives for each year the longest period of consecu- 
tive days with minimum temperature of zero or below. The feature 
of this table is the long period of 10 days extending from January 4 
to January 13, 1912, which is 2 day^ longer than the next longest 



TEMPERATURE 



77 



period, in February, 1875. Both these months were the coldest of 
their respective names on record, the former having 13 days of zero 
temperature and the latter 14 (p. 75). ' ^ 



TABLE XXXU 
LoNQm PuuoDS OP CoNBKnnm Dats with Minimum Tbmpsraturb op Zibo or Bklow. 1873-1913 











Lowest 


Year 


Began 


Ended 


Length 


Tempera- 
ture 


1873 


Feb. 21 


Feb. 25 


6 


-18 


1874 


Jan. 14 


Jan. 15 


2 


- 6 


1875 


Feb. 11 


Feb. 18 


8 


-13 


1876 


Dec. 8 


Dec 10 


3 


-14 


1877 


Jan. 8 


Jan. 9 


2 


- 3 


1878 


Dec. 23 


Dec. 24 


2 


- 9 


1879 


Jan. 2 


Jan. 6 


5 


-18 


1880 


Deo. 27 


Deo. 31 


5 


-15 


1881 


Jan. 14 


Jan. 14 


1* 


-13 


1882 


Deo. 7 


Dec. 8 


2 


- 7 


1883 


Jan. 19 


Jan. 24 


6 


-17 


1884 


Jan. 3 


Jan. 7 


5 


-18 


1885 


Jan. 17 


Jan. 22 


6 


-13 


1886 


Jan. 10 


Jan. 12 


3 


- 9 


1887 


Jan. 1 


Jan. 3 


3' 


-15 


1888 


Jan. 11 


Jan. 16 


6 


-17 


1889 


Feb. 22 


Feb. 24 


3 


-11 


1890 


Mar. 1 


Mar. 2 


2 





1891 


Feb. 3 


Feb. 4 


2 


- 8 


1892 


Deo. 25 


Dec. 27 


3 


-10 


1893 


Jan. 13 


Jan. 17 


5 


-16 



Year 



1894.. 
1895.. 
1896.. 
1897.. 
1898.. 
1899.. 
1900.. 
1901.. 
1902.. 
1903.. 
1904.. 
1905.. 
1906t. 
1907.. 
1908.. 
1909.. 
1910.. 
1911.. 
1912.. 
1913.. 



Began 


Ended 


liflngth 


Jan. 24 


Jan. 25 


2 


Feb. 7 


Feb. 9 


3 


Feb. 19 


Feb. 21 


3* 


Jan. 24 


Jan. 29 


6 


Feb. 1 


Feb. 3 


3 


Feb. 7 


Feb. 13 


7 


Jan. 28 


Feb. 1 


5 


Deo. 18 


Deo. 21 


4 


Feb. 2 


Feb. 5 


4 


Jan. 10 


Jan. 13 


4 


Jan. 23 


Jan. 25 


3 


Feb. 12 


Feb. 16 


5 


Feb. 2 


Feb. 4 


3 


Feb. 2 


Feb. 2 


1* 


Jan. 6 


Jan. 7 


2* 


Jan. 6 


Jan. 7 


2* 


Jan. 5 


Jan. 5 


1 


Jan. 4 


Jan. 13 


10 


Mar. 2 


Mar. 2 


1* 



Lowflrt 

Temper»- 

ture 

- 9 
-16 

- 9 
-20 

- 8 
-21 

- 8 

- 8 

- 7 

- 6 
-16 
-18 



- 2 

- 2 
-10 

- 5 


-16 

- 4 



* other periods of same length occurred during the year, 
t No record of aero in 1906. 

TABLE XXXIII 

LoRom PuuoDB OP CoMBBCxmvz HouBLT TucpsBATDSia, DT Eacs WmTBR, OP Zbbo or Brlow, 

1890-91 TO 1912-13 



Season 


From 


To 


Hours 


Temperature 


1890-91 


8:00 PJI. Feb. 3 
3:00 a.m. Jan. 9 
6:00 AJi. Jan. 13 
9:00a.m. Jan. 24 
5:00 a.m. Feb. 7 
5:00 a.m. Feb. 19 
1:00a.m. Jan. 24 
7:00 p.m. Feb. 2 
1:00 a.m. Feb. 8 
6:00 a.m. Feb. 24 
12:00 um. Dec. 31 
2:00a.m. Dec. 14 
12:00 MDT. Feb. 16 
10:00 PJI. Jan. 23 
7:00 p.m. Feb. 1 


11:00 a.m. Feb. 4 

10:00 a.m. Jan. 9 

11:00 AJI. Jan. 16 

10:00 a.m. Jan. 25 

10:00 a.m. Feb. 9 

10:00 AJI. Feb. 20 

10:00 a.m. Jan. 28 

8:00 a.m. Feb. 3 

2:00 p.m. Feb. 11 

8:00 a.m. Feb. 25 

10:00 A.M. Jan. 1 

8:00 a.m. Dec. 16 

1:00 a.m. Feb. 18 

12:00 NOON Jan. 25 

9:00 a.m. Feb. 3 


16 
8 
78 
26 
54 
30 
106 
14 
86 
27 
11 
55 
26 
39 
39 


— 6 


1891Hn 


— 4 


1892-93 


—16 


1893-94 


— 9 


1894-95 


—15 


1895-96 


— 9 


1896-97* 


—20 


1897-98 


— 8 


1898-99 


—21 


1899-1900 


— 9 


1900-1901 


— 5 


1901-2 


—12 


1902-3 


—11 


1903-4 


—15 


1904-6 


—14 


1905-6t 




1906-7 / 

1907-8 


11:00 p.m. Jan. 25 
11:00 p.m. Feb. 2 
2:00 AJi. Feb. 2 
2:00a.m. Jan. 6 
11:00 p.m. Jan. 6 
6:00 AJI. Jan. 5 
4:00 PJI. Jan. 4 
4:00 AJI. Mar. 2 


9:00 a.m. Jan. 26 
9:00 a.m. Feb. 3 
8:00 AJI. Feb. 2 
4:00 a.m. Jan. 7 
10:00 AJI. Jan. 7 


11 
11 

7 

27 
12 

1 
79 

8 


- 3 

- 2 

- 2 


190a-9 


-10 


1909-10 


— 5 


1910-llt 





1911-12 


10:00 p.m. Jan. 7 
11:00 a.m. Mar. 2 


-16 


1912-13 


— 4 







* Temperature reached 1* above sero between hourly readings on the 27th. 
t Zero temperature did not occur during periods for which no entries are made. 
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The preceding discussion has been confined to the length of cold 
periods by days. Since 1890, however, hourly temperature data 
are available, and from that date it is possible to record the actual 
number of hours in the longest periods of zero temperatures. This 
has been done by winters, and the results are presented in Table 
XXXIII. The longest period of this kind was in the winter of 1896- 
97, from 1 a.m. of January 24 to 10 a.m. of January 28, inclusive, 
extending over 106 hours, although once between the hourly readings 
on the 27th the thermometer indicated 1° above zero for a few min- 
utes. The minimum during this period was —20°. The next longest 
period was 86 hours, in the cold February of 1899, with a minimum 
of —21°; and the third, 79 hours, during January, 1912, with a 
minimum of —16°. 



OCCURRENCE OF FREEZING TEMPERATURE, SEASONAL 

Between the conditions of extreme heat and extreme cold, marked 
usually by the limits of 90° and zero, respectively, there are certain 
other established degrees by which it is customary to characterize 
the temperature phases of a given period of time, and one of the more 
common of these is the freezing point, or 32°. Accordingly, around 
this point we have grouped several tables of data for the winter 
season, a study of which with their accompanying graphs will bring 
out still other features of the colder months than have yet been 
presented. 

1. Number of days with maximum temperature of 3^ or below. — 
The number of days in each winter season from October to April, 
inclusive, on which the temperature did not rise above the freezing 
point is shown by months in Table XXXIV, and Fig. 10 gives a 
graphic view of their seasonal frequency. Such da3rs, on the average, 
appear to have been more frequent during the period from 1891 to 
1905, during which time the Weather Bureau office was located at the 
Auditorium Tower, the average for the first 10 years of that period 
being much higher than that of any other decade, although there 
was but little difiference in the mean temperatures, as shown by 
Table I. The mean daily maximum temperatures for the months of 
January and February, however, 31?3 and 32?7, respectively (Table 
X), are so near the freezing point that the average excess in tempera- 
ture of the Federal Building, 1?7, and of the Major Block, 0?9 
(p. 10), over that of the Auditorium, might be expected to show in a 
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relatively smaller number of days with maximum temperatures at 
32° or below at those locations during the months in question. An 

TABLE XXXIV 

NuMBBR OP Days with a Mazxiium Tkmpsraturb op 32* or Bslow, Octobbr to April, 1871-1913 
(These values, not including 1910-13, are shown graphically in Fig. 10) 



Not included in means. 



SUMMARY OF TABLE XXXIV 
AvERAOs Friquknct OP Days with a Maximum op 32" or Below 



Season 


Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


April 


Season 


1871-72 




7 
9 
6 
3 
1 
2 
2 

1 

10 
1 

2 
2 

3 
2 
1 
3 

7 
5 
6 
6 
3 
5 
4 
6 

2 
2 


.10 
2 
1 


1 

4 
3 



17 
18 

8 
22 

3 
22 

1 
15 

7 
11 

2 
12 

8 
10 

7 

13 
11 

6 

1 
10 

4 
16 
16 

9 
12 

8 
16 
13 
13 

8 
10 
13 
18 
19 

7 

6 

6 

6 
20 
16 

3 

5 


16 
18 

8 
20 

6 
15 

4 
17 


21 

9 
20 
18 
18 
17 
19 
23 
11 

9 

9 
23 
28 
11 
22 
12 
16 
10 
16 

8 
17 
14 
18 
24 
24 

4 
13 
10 
11 
15 
10* 
28 
12 


16 

7 
11 
20 

7 



1 
11 

6 
14 

2 
13 

8 
18 
• 8 
11 
10 
16 

I 

6 
17 
17 
20 
14 
10 
12 
17 
17 
26 
21 
13 
20 
20 
11 
10 
16 

6 
14 

8* 
19 
15 


14 

5 

6 
12 

8 
13 



2 

1 

3 



6 

9 

7 

3 

6 
11 

2 

9 
10 
10 

8 

5 

8 
11 

5 

3 
10 

9 

5 

5 

1 

6 

4 
14 





2 



2* 
14 

8 




70 


1872-73 






57 


1873-74 

1874-75 


1 


4 

.2 


44 

79 


1875-76 




25 


1876-77 






52 


1877-78 




8 


1878-79 




1 


46 


1879-80 




16 


1880-81 




1 


60 


1881-82 




14 


1882-83 






51 


188^-84 






45 


1884^5 






55 


1885-86 






35 


1886-87 






52 


1887-88 


1 




58 


1888-89 




36 


1889-90 






28 


189(V-91 




2 


40 


1891-92 




50 


1892-93 




1 


75 


1893-94 




55 


1894HM 






65 


1895-96 




1 


53 


1896-^ 




44 


1897-98 






45 


1898-99 




3 


64 


1899-1900 




47 


1900-1901 






58 


1901-2 






52 


1902-3 






45 


1903-4 




2 


80 


1904-i5 




69 


1905-6 






37 


1906-7 






29 


1907-8 






32 


1908-9 






26 


1909-10 






49 


1910-11 






40 


1911-12* 






67 


1912-13* 






40 










Means 





3.0 


11.0 


14.7 


12.3 

• 


6.0 


0.4 


47.3 



Decade 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


Season 


1871-72 to 1880-81 


4.1 
1.4 
4.4 

2.0 

3.0 

10 
2 


12.4 

8.0 

11.5 

12.1 

11.0 

18 

1 


12.5 
15.3 
16.2 
14.3 

14.7 

24 
4 


6.3 
10.1 
15.6 
13.9 

12.3 

20 
1 


6.4 
6.3 
7.4 
3.4 

6.0 

6 



41.7 


1881-82 to 1890-91 


41.1 


1891-92 to 1900-1901 


55.1 


1901-2 to 1910-11 


45.7 


1871-72 to 1909-10 


47.3 


Greatest number (1903-4) 


80 


Least number (1877-78) 


8 
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examinatioD of the table proves this to be the case, and the earlier 
and later months of the winter season do not present the same dia- 
proportion of occurrences at the different locations, because the mean 
maximum temperatures are then considerably higher than the 
freezing point. 

The greatest number of such days occurring in any one season is 
80, during 1903-4, and the next largest number, 79 in the season of 
1874-75, while the least number is 8 in 1877-78. The greatest 
number in any one month is 28 in January, 1893, and also in January, 
1912, while in January, 1880, and in February, 1877, there was not a 
single day on which the temperature did not exceed 32°. On the 




Fio. 10. — Number of daya with a maximum temperature of 32° or below, 
October, 1871, to April, 1910 (see Table XXXIV). 

average, the greatest frequency occurs in January, with a mean of 
14.7 days. The averages of the entire winter season increase and 
decrease as follows: November, 3.0; December, 11.0; Juiuary, 
14.7; February, 12.3; March, 6.0; April, 0.4 days. In October, 
throughout the whole period of record, the temperature remained at 
32° or below in only two instances, once in 1873 and once in 1887, but 
the mean occurrence is too small to record. 

2. Longest periods of consecutive days with maximum temperature 
fffS£° or below. — Table XXXV will serve to supplement the discussion 
immediately preceding. The longest periods of the winter season 
during which the temperature remained at or below the freezing point 
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were those from December 18, 1878, to January 15, 1879, and from 
January 22 to February 19, 1895, and were of 29 days each. Several 
other periods of 20 days' length or over will be noted in the table, 
and with the exception of that in the extremely cold weather of 
January and February, 1912, all occurred during the occupancy by 
the Weather Bureau office of the Auditorium Tower. There were 
three wmter seasons, 1877-78, 1879-80 and 1908-9, in which the 
maximum temperatiu:e did not remain below 32^ for any period longer 
than 3 consecutive days. On the whole the temperature averages 
so as to remain at freezing or below for at least 12.6 consecutive 
days during the winter. 

TABLE XXXV 
LoMom PmuoDB or CoMBacunn Datb with Maximum Tbmpsbatuu op 32" ob Bklow, 1872-73 to 1912-18 



Winter 


No. of 
Days 


1872-73 


15 


1873-74 


4 


1874-76 


18 


1875-76 


5 


1876-77 


16 


1877-78 


3 


187a-7» 


29 


1879-80 


3 


1880-81 


7 


1881-82 


6 


188»^ 


13 


1883-84 


11 


1884-85 


18 


1885-86 


8 


1886-87 


17 


1887-88 


16 


1888-89 


5 


1889-90 


5 


1890-91 


8 


1891-92 


20 


1892-93 


23 


189»-94 


7 



Time of Ooourrenoe 



Dec. 15-29 

Jan. 30-Feb. 2 

Jan. 3-20 

Mar. 17-21 

Dec. 16-31 

Not. 29-Deo. 1.. Jan. 5-7 

Deo. 18-Jan. 15 

Feb.3-« 

Jan. 14-20 

Dec30-Jan.4 

Dec. 31-Jan. 12 

Feb. 28-Mar. 9 

Feb. 6-23 

Jan. 5-12, Jan. 29-Feb. 5 

Dec 27-Jan. 12 

Jan. 14-29 

Jan. 17-21. Feb. 5-9 

Jan. 20-24, Mar. 4-8 

Feb. 25-Mar. 4 

Jan. 2-21 

Jan. 1-23 

Feb. 10-16, Feb. 19-25 



Winter 

1894-95... 
1895-96... 
1896-97... 
1897-98. . . 
1898-99... 
189(^1900.. 
1900-1901.. 
1901-2.... 
1902-3.... 
1903-4.... 
1904-5.... 
1905-6.... 
1906-7.... 
1907-8. . . . 
190a-9.... 

IW^IO. . . 
1910-11... 
1911-12... 
1912-13*.. 

Average... 



No. of 
Daya 



29 

6 

8 

12 

19 

10 

23 

26 

10 

13 

28 

7 

6 

7 

3 



15 

5 

21 

10 



12.6 



Time of Oocuirenoe 



Jan. 22-Feb. 19 

Jan. 3-8, Feb. 16-21 

Jan. 23-30 

Dec 17-28 

Jan. 27-Feb. 14 

Dec. 25-Jan.3 

Jan. 25-Feb. 16 

Jan. 27-Feb. 21 

Feb. 13-22 

Jan. 23-Feb. 4 

Jan. 22-Feb. 18 

Mar. 11-17 

Jan. 25-30. Feb. 3-8 

Jan. 21^Feb. 4 

Dec. 7-9. Jan. 11-13, Jan. 

6-8, Jan. 30-Feb. 1. Feb. 

14-16 
Dec. 17-31 

Not. 29-Dec 3. Dec 5-9 
Jan. 24-Feb. 13 
Jan. 31-Feb. 9 



* Not inohided in meana. 



3. Number of daya with minimum temperature of 3^ or below. — 
The discussion of the two preceding topics has been confined to the 
days on which the temperature was at freezing or below during the 
entire twenty-four hours. It is useful also to know the frequency of 
days on which the lowest temperature touches or is below this point. 
Such days would, of course, include those shown in Table XXXV, 
but there would be many in addition on which the temperature was 
at freezing or below only a portion of the time. Table XXXVI and 
Fig. 11 give the data m the same manner as was done with the occur- 
rence of a maximum of 32° or lower. It will be noted here also that 
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the Auditorium period of the record displays the greatest frequency, 
but the excess occurs chiefly in November, during the latter half of 

TABLE XXXVI 

NCMBBR OP DaTB with A MINIMUM TSMPKRATTRX OP 32* OB BbLOW, OcTOBKH TO MaT, 1871-1913 

(These values, not including 1910-13, are shown graphically in Fig. 11) 



Season 


Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


April 


May 


Season 


1871-72 




12 
17 
18 
14 
13 
11 
11 

1 

13 
20 
10 
10 
12 

9 

4 
16 
19 

7 
11 

7 
17 
21 
18 
22 
17 
18 
14 
13 

1 

15 

15 

6 

19 

8 

11 

8 

8 

9 

6 

21 

20 

11 


30 
31 
19 
25 
18 
30 

7 

25 
22 
27 
11 
26 
22 
20 
20 
27 
25 
24 

7 

25 
16 
29 
26 
22 
20 
18 
28 
28 
22 
24 
26 
25 
30 
30 
22 
24 
26 
25 
27 
30 
20 
22 


29 
30 
23 
30 
23 
28 
18 
27 
12 
31 
28 
31 
29 
28 
28 
30 
30 
28 
21 
25 
30 
31 
23 
31 
28 
28 
27 
27 
23 
30 
29 
29 
31 
30 
26 
24 
28 
22 
28 
23 
31 
27 


27 
28 
23 
28 
17 
12 
11 
26 
17 
27 
14 
26 
25 
26 
23 
28 
26 
27 
20 
23 
24 
27 
24 
24 
26 
26 
25 
24 
27 
28 
23 
23 
27 
27 
20 
24 
24 
20 
27 
19 
26 
26 


27 
24 
18 
21 
20 
28 

2 
11 
14 
28 
13 
26 
15 
25 
17 
27 
27 
11 
24 
24 
23 
22 
10 
25 
26 
19 
12 
29 
30 
22 

9 
11 
20 
18 
21 
14 
15 
19 

6 
18 
27 
21 


2 

11 

10 

8 


........ 


127 


1872-73 


3 
5 
1 
1 

1 


144 


1873-74 


116 


1874-75 


128 


1875-76 


102 


1876-77 


2 




112 


1877-78 


49 


1878-79 


3 

1 
2 


3 
3 
8 
3 
3 
1 
4 
5 
6 
6 
1 
3 
5 
3 
4 
2 
5 
7 
4 
4 
5 
5 
1 
4 
3 
12 
4 


........ 


96 


1879-80 


82 


1880-81 


143 


1881-82 


79 


1882-83 




122 


188^-84 




104 


1884-85 


1 


113 


1885-86 


97 


1886-87 




134 


1887-88 


9 
1 


142 


1888-89 


99 


18«^-90 


86 


1890-91 


2 


111 


1891-92 


113 


1892-93 




134 


1893-94 


3 
1 
7 

4 


106 


1894-95.! 


135 


1895-96 


131 


1896-«7 


117 


1897-«8 


110 


1898-99 


1 


126 


1899-1900 


108 


1900-1901 




120 


1901-2 




106 


1902-3 




97 


1903-4 




139 


1904-5 




117 


1905-6 


1 
2 




101 


1906-7 


11 
3 
3 
2 

4 
3 

1 


........ 


107 


1907-8 


104 


1908-9 





99 


1909-10 


4 
2 


100 


1910-11* 


116 


1911-12* 


127 


1912-13* 




108 








Means. . 


1.4 


12.5 


23.2 


27.0 


23.7 


18.8 


4.2 


0.1 


111.7 







* Not included in means. 

SUMMARY OF TABLE XXXVI 
Average Frbqcenct op Datb with a Minimum Tbmpebaturb op 32* or Below (bt Decades) 



Season 



1871-72 to 1880-81 . . 

1881-82 to 1890-91 . . 

1891-92 to 1900-1901 

1901-2 to 1910-11.. 



1871-72 to 1910-11 



Greatest number (1872-73). 
Least number (1877-78) . . . 



Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


April 


1.7 
1.3 
1.6 
0.9 


13.0 
10.5 
15.6 
11.1 


23.4 
20.7 
23.3 
26.5 


25.1 
27.8 
27.8 
27.0 


21.6 
23.8 
25.5 
23.4 


19.3 
20.9 
21.8 
15.1 


4.7 
3.7 
4.0 
4.6 


1.4 


12.5 


23.2 


27.0 


23.7 


18.8 


4.2 


3 


17 
11 


31 
7 


30 
18 


28 
11 


24 
2 


11 





Season 

109.9 
108.7 
120.0 
108.6 

111.7 

144 
49 
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which the mean daily minimum is very near the freezing point, and 
the influence of the various locations of the Weather Bureau office 
affects the occurrence at this time, just as was the case with the 
maximum temperatures of 32° or lower in January and February 
(p. 78). This excess is noticeable in March, as well, but not to so 
great an extent, as the mean daily minimum temperature, on account 
lore rapid advance of the season in spring than in autumn 
s close to the freezing point for a much shorter interval than 
is the case in November. The excess shown in the month of Febru- 
ary during the Auditorium Tower period, however, is due to really 
greater frequency in those years, as the average minimum tempera- 
twre is well below 32° throughout the month. 



of the I 
(p. 28), 






Fia. 11.— Number of days with a minimum temperature of 32° or below, 
from October, 1871, to May, 1910 (see Table XXXVI), 

The average number of days from October to May on which the 
minimum temperature touches or goes below the freezing point, as 
shown by the table, is 112, but the actual frequency has varied 
greatly. In the season of 1872-73 there were as many as 144, 
while in that of 1877-78 there were only 49. The month of greatest 
frequency is, of course, January, with 27.0 days, followed in order by 
February, with 23 - 7, March with 18 . 8, April with 4 . 2, and May with 
0. 1 in the spring. In the first portion of the season, October aver- 
ages 1.4 days, November 12.5, and December 23.2. In December, 

1872, jMiuary, 1881, 1883, 1893, 1895, 1904, and 1912, and February, 

1873, 1875, 1887, and 1901, the minimum temperature of every day 
reached 32° or lower; and in the three winter months of 1872-73 
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there was only one day on which the temperature remained above 
the freezing point. In the warm January of 1880 there were only 12 
such days, and in February of 1878, only 11. There are several 
Aprils and Octobers apparent in the table in which freezing weather 
did not occur, but October, 1887, and April, 1904, were marked by an 
unusually large number, 9 and 12, respectively. 

4. Longest periods of consecutive days with minimum temperature 
of S£^ or below. — ^These periods, as shown in Table XXXVII and Fig. 
12, include usually the longest intervals of maximum temperatures of 

TABLE XXXVn 

LoHSwr PmoM or Coimounn Dati win MnmcDii Tbmpsbatuhb or 32" or Bblow, 1872-73 to 1912-13 
(These vthiei, ap to and induifing 1909-10, are ahown gra]>hioaUy in Fig. 12) 



Winter 


No. of 
Days 




Winter 


No. of 
Days 




1872-78 

1878-74 

1874-75 

1875-76 

1870-77 

1877-78 

187^79 

1870-80 

1880-81 

1881-82 

1882-83 

1883-84 

1884-85 

1885-88 

1880-87 

1887-88 

1888-89 

1889-90 

1890-91 

1891-92 

189*^ 

1893-94 


52 
15 
74 
14 
46 
11 
48 
24 
56 
15 
49 
28 
52 
37 
39 
42 
30 
13 
18 
30 
68 
32 


Nov. 25-Jan. 14 
Jan. 28-Feb. 11 
Deo. 28-Mar. 11 
Jan. 23-Feb. 5 
Dec. 14-Jan. 28 
Jan. 26-Feb. 6 
Dec. lO^an. 26 
Dec. lO^an. 2 
Dec. 15-Feb. 8 
Jan. 11-Jan. 25 
Dec. 27-Feb. 13 
Dec. 31-Jan. 27 
Jan. 7-Feb. 27 
Jan. 4-Feb. 9 
Dec. 14-Jan. 21 
Jan. 7-Feb. 17 
Jan. 17-Feb. 15 
Feb. 26-Mar. 10 
Dec. 1-18. Jan. 2-19 
Jan. 2-31 
Dec. 8-Feb. 13 
Not. 13-Dec. 14 


1894-95 

1895-96 

1896-97 

1897-98 

1898-99 

1899-1900 

1900-1901 

1901-2 

1902-3 

1903-4 

1904-5 

1905-^ 

1906-7 

1907-8 

1908-9 

1909-10 

1910-11 

1911-12 

1912-13* 


65 
29 
61 
27 
26 
52 
51 
45 
36 
48 
57 
16 
28 
20 
16 
38 
30 
49 
31 


Dec. 22-Feb. 24 

Dec 26nJan. 23 

Jan. 3-Mar. 4 

Dec. 15nJan. 10 

Dec. 3-28. Jan. 22-Feb. 16 

Feb. 8-Mar. 31 

Jan. 16-Mar. 7 

Jan. 10-Feb. 23 

Dec. 22-Jan. 26 

Dec. 20-Feb. 5 

Jan. 2-Feb. 27 

Mar. 10-25 

Jan. 10-Feb. 15 

Jan. 22-Feb. 10 

Jan.fr-20 

Deo.5^an.ll 

Nov. 2^Dec. 27 

Dec 31-Feb. 17 

Jan. 18-Feb. 17 


Average 


37.2 





* Not included in means. 



32° or below which were presented in Table XXXV, as the minimum 
temperature at night ordinarily passes the freezing point for several 
days before and after a cold spell in which the maximum readings are 
below that point. The exceptions to this rule are confined to the 
shorter periods, as will be seen readily in the comparison of the two 
tables. On the average the temperature reaches the freezing point dur- 
ing the winter season for an interval of 37 . 2 consecutive days. That 
is, out of a total average seasonal number of 112 days with minimum 
temperature of 32° or below (Table XXXVI), about one-third occur 
consecutively at some time or other during the course of the winter; 
and these periods are about three times the length of the longest 
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intervals of temperature continuously below the freesing point (Table 
XXXV). From season to season there is considerable variation in 
the number of consecutive days with minimum temperature of 32° 
or lower, the largest number being 74, from December 28, 1874, to 
March 11, 1875; and the least, 11, from January 26 to February 5, 
1S78. The latter period occurred during the wannest winter season 
on record; but in the former case, while the winter of 1874-75 aver- 
aged considerably below normal, it was not by several mstances the 
coldest winter within the peiiod of official observations. In the very 
cold winter of 1892-93, whose mean temperature was 19?0, the longest 




Fia. 12. — Longest period of consecutive days in each winter with a mini- 
mum temperature of 32° or below (see Table XXXVII). 

period with minimums of 32° or below was 68 days, while in the still 
colder winter of 1903-4, whose mean temperature was 18?3, the 
longest period was only 48 days. These seasons had 16 and 17 days 
with minimums of zero or below, and 4 and 1 daj^ with maximums 
of zero or below, respectively (Tables XXIX and XXX). From 
Buch instances as those given in connection with the discussion of the 
present and previous topics, we must conclude that, analogous to the 
occurrence of years with an excess of heat (p. 71), some winters are 
below normal because of the relative frequency of severe days, and 
others because of a long continuance of moderately cold weather. 

OCCUERENCE OF TEMPERATURES FAVORABLE TO PLANT GROWTH 

The temperature of 42?8 is one of the critical temperatures in the 
advancement of vegetation. There is very little plant growth below 
this temperature, but as soon as it b reached the various processes 
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of plant activity necessary to growth are begun and proceed more and 
more rapidly as the temperature rises, up to certain limits depending 
upon the character of the vegetation. Fig. 13 and the data given 
in Table XXXVIII show the number of days in each year since 1872 
on which the mean temperature was above 42°. The average for the 
entire period is 221 days annually, but there is a rather wide range of 
fluctuation above and below this figure — from 249 days in 1878 to 
198 days in 1873, which makes a difference of 51 days between 
the highest and lowest records. By referring to the tables of 
monthly mean temperatures (Tables I and III) it will be seen that 
the latter was an abnormally cold year, while the former was one of 
the warmest years within the period of observations. The table 

TABLE XXXVIII 

AmruAL NuMBBR or Datb with Mean Tsmtehaturx abovs 42**, 1872-1913 
(These values, not inehidiiig 1911-13, are graphically shown in Fig. 13) 



Year 


No. of 
Days 


Year 


No. of 
Days 


Year 


No. of 
Days 


Year 


No. of 
Days 


1873 


198 
208 
210 
231 
237 
249 
235 
238 
218 
236 
223 


1884 


230 
213 
231 
206 
210 
222 
213 
210 
204 
207 
223 


1895 


208 
221 
221 
216 
228 
216 
210 
233 
222 
213 
218 


1906 


221 


1874 


1885 


1896 


1907 


215 


1876 


1886 


1897 


1908 


236 


1876 


1887 


1898 


1909 


232 


1877 


1888 


1899 


1910 


223 


1878 


1889 


1900 


1911* 


235 


1879 


1890 


1901 


1912* 


221 


1880 


1891 


1902 


1913* 


241 


1881 


1892 


1903 






1882 


1893 


1904 


Average 


220.7 


1883 


1894 


1905 













* Not included in averages. 

Table XXXVIII shows the annual number of days with a mean temperature above 42*. The mean 
tempovture of 42?8 is the Tpomi above which temperatures are conducive to plant growth, and below which 
very little growth takes place. 



includes all days of mean temperature of more than 42°, no matter 
in what portion of the year such days occur, and, of course, some 
proportion of them happen in the colder season, even in the months 
of January and February. I However, the average number, 221 days, 
may be taken to represent the extreme length of the interval each 
year, other things being favorable, during which effective plant 
growth may take place. In Table XII it will be noted that the first 
occurrence of a daily mean temperature of 42?8 is on April 4, the last 
on November 10, and that all temperatures between are higher than 
the critical temperature of 42?8, and all recorded prior to the first and 
after the last are below that point. The interval from April 4 to 
November 10, inclusive, is exactly 221 days. So far as the growth 
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of annuals is concerned, however, a period of such length is seldom 
experienced in Chicago, as the season for such plants is materially 
shortened in most years by the occurrence of minimum temperatures 
below freezing, or sufficiently low to permit the formation of damaging 
frosts (Tables XLV, XL VI, and XL VII). In latitudes farther north 
the average number of days with mean temperature above 42° is 
considerably less than it is in this 'city, but the hours during which 
the sun shines through the summer days are correspondingly more, 
80 that as a result the amount of heat necessary for the proper matur- 
ing of the crops of such regions is received. However, crops accli- 




temperature above 42°. 

Utmpffmtw ibaTfl 42°, the d 



mated to northern latitudes require in maturing a less amount of 
beat than do those of similar character accustomed to regions farther 
south. 

LIST OF WARM DAYS 

The frequency of days with a maximum temperature of 90° or 
over has already been discussed (p. 69), so that no great enlargement 
on the list presented in Table XXXIX is necessary. The table 
serves the purpose of setting out sharply the various periods of hot 
weather which the city has experienced, and conveys in addition a 
general idea of the intensity of each. The figures show the absolute 
maximums for the days against which the entries are made, and may 
therefore be used also in connection with Table XLIII, in the study 
of daily extremes of temperature. 



THE WEATHER AND CLIMATE OF CHICAGO 



i 


'- 




B 


3 




s 


5 : 




8 


8 : 




« 






A 




s 


« 




s 


^ 




t 


3 






9 






it 






s 






s 






2 




s 


2 




s 


S 


:S 


s 


£ 






= 1 ; : 




' =1 ; : 




, 2 






a 






= 






a 






- 


8 : 




. 






- 






• 






- 






- 






" 






- 






- 






1 


II 


5 



TEMPERATURE 





I 


..=.=„=.„==.=.-=„=.=„.=„.„-,„...„.=. 


= 




S 








S 


3 C S S S 






8 


S S S S 5 8 






n 


8 8 8 8 






b 


8 8 






9 


i£ 






a 


S 8 






A 


8 






a 








s 


S 3-88 






s 


5 






8 


.8 




i 
111 

'1 


^ 


S 8 8 




£ 


8 




= 


S 8 S 5 




S 


Si > 




S 


8 8 3 




3 


" 




H 


8 




3 


s i 






;J 


s 






S 


8 






* 


8 






• 


8 






^ 








* 


5S d 






« 


8 






- 


8 8 






« 


8 






- 


■" . 






- 








1 


B3esggs|i|8|i|ii!!!|i|ilHlilliii!iiilHi 





90 THE WEATHER AND CLIMATE OF CHiqAOO 



I 



I 


«-= «o :, 


a 


s 


3 




s 


is s a 




3 


St a as 




a 


as 5 s 8 




Si 


3 3 3 S S 8 3 




s 


8 S S 8 S 




s 


S S 35 3 S 




s 


iSS 3 BE 




a 


S 




fl 


8 S 




s 


§ a 




n 


3 3 >; 




2 


S 5 




a 


sa 




i: 


8 S S S S 33 




s 


3 &8 g a 5 a sa s 




s 


3 a s s s 




3 


3 a s B ss a 




S 


a 5 S 5 8 




a 


88 -a :8a s 




s 


ss a a 




s 


£8 i = 




- 


S S 3 3 33s 




- 


as S S 3 S 38 




- 


S a 8 8 3 




- 


3 8 3 s i a 




^ 


a ss ess 




" 


8 3 sa 3 8 3 




- 


3SS5 aS5l 83 




- 


S SS S 3 ^8 




- 


ess sa 




1 


giligi|iiiiiiiliiiii|li||l|§i|||3i|iSiiii 





Ii 



I 


„»=- = — 


-"= 




s 


ji 


g i : ; ; ; i ; i : ; ; : ; ; i ; ; ; i ; ; ; 1 is : ; i 1 ; i i i ia 


s 






: i : i ;;; Is :;::::;::: i :: i i is i i i i i i i i i i 


















■ i : : i i i ; i : : i : i i i i : 1 i ; i i is i i i i i i i i i i i 
















_?. 




i_L 





_ 




a i 1 i i i i 


; i ! i 1 i 1 1 1 i 1 1 i 1 1 1 i : 1 i 1 i la i i i i is i la 


— 




i 1 is i i i ; i i i ; i i ; i : i i i ; i i ; is i i ; Is i ; i ; i 1 i : i 




a 


S ; i i i i ; i i i i i i i i i i i i i i i i i is : i i : : i:a i i : i i ; 




s 


is i i ; i i i i i i : is i 1 i i : i i i i i i i i i i i ig :S i i i i i i 




a 


i* i i i i i i i i i i i i 1 i ii i i i ii i ; :aa i i i - ^s i h i i i 




2 


is i i : i i i : i is i i ; i i i i i i i i ; i i i i i i i i i i i i i i i 




2 


; ; ! i ; i is i i i ; i i i i i i i i i i i ! i i ;8 i i i i i i i i i i i 




! ^ 


is i ; i ; i i ; i : i i i i : ; ; i ; i 1 i i ; i ; i ; i i : i ; i : i i is 




1 e 


: i i ; ; i i i ; i ; ; ; i ; ; i ; : 1 i 1 i 1 i i 1 i ; i i i i i ia i la is 




|-„ 








s 














E! 


i ; i i i i i is i i i i i i i i i i i i 1 I i i i i i i i i is 1 : ; : i ; : 




3 


i* i i i i i is i i i i i i i i i i i i i ;8 i i ;s i i i i i is i i i i i 




S 


i i i i i 1 i i : i : i 1 is i i i i Is isa i :S3 i i i i i 1 i i i i i i 




- 


i 1 i i i i i i i i* i i i*s i isa i i iaa i i is ; i 1 1 la ife 




« 


i ; 1 ;s i 1 1 1 1 i 1 1 1 1 ; laa Is Is 1 i la 1 i i 1 i i i is i 1 ia 




»- 


i i i i i ! i i 1 i 1 1 i 1 i 1 i is i Is 1 i 1 i ia 1 1 i 1 1 i i 1 1 la i 




* 


i i i ; i i i i ; i 1 i i 1 i i i 1 1 ; 1 i 1 i 1 1 Is i 1 i 1 i i 1 i 1 ; 1 1 




« 


i 1 i i i 1 i i ; i i i i i i i i i i i i 1 la 1 1 la 1 1 i Is 1 1 i 1 i 1 i 




-. 


: r ::::: :l ::::::::::::: :a :: :3 .::::: ;a ::: : 




" 


::::::; :a :; i : :SS :a ;::;:::::::: i : ;S ;S ::: :a 




" 


i 1 1 i i is i i i 1 i i i 1 1 Is i 1 1 1 : i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 




— 


i 1 1 i i 1 i i 1 i 1 1 i i ; 1 i 1 i i is 1 i 1 i 1 i i 1 1 1 1 i 1 1 1 i 1 1 


_ 


^ 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 





THE WEATHER AND CLIMATE OF CHICAGO 



n 



I 




3 




s 






s 






a 






s 






t: 






« 






« 






s 


: :a :::::::::: : 




a 






V 


:!;;;«;;:;:;;; 




s 


:;:::«:::: I :: : 




R 


: : : ; ;s i ; : ; i ; ; ; 




a 


:;: - ;S :::::: : 




S5 


1 ; : ; : : ; : i : is : ; 




U 


: :S :::::-:::: : 




* 
* 






.:::: :S :::::■ : 




^ ^ :» H* ! i ! i ; : ; 




2 






a 






s 


i 1 ; : :« : : : : it : 




s 


: : : : :St* : :S :5a : 


• 


: i ; ; ; :x ; ; : :a5 ■ 




• 


::::: ;a ;::::: : 




»- 


;::;:■; :a ::: :S 




- 


as '-■'::-.::':':■. :i : 




- 


«;;:;:;;»!;:': 




- 


: : ;S : : ; : ; i : i ; : 




- 


:;:::; tS ::::; ; 




■•♦ 


i :■ ; IS i ^ss - - -s 




- 


; : ; : : ; :8 ; .a ;ss 1 


1 


iiiiiiilililii 





I! 
li 

li 
i 
I 

li 

i 

i! 



TEMPERATURE 93 



LISTS OP COLD DAYS 



The list of cold days with minimum temperatures of zero or lower, 
as set forth in Table XL, bears the same relation to the discussion of 
the frequency of such days (p. 73) that Table XXXIX of the previous 
paragraph does to that of the occurrence of hot days. This list covers 
the cold days of December, January, and February. In order to 
extend the record over the periods of severe weather in the early 
spring and late autumn months, however, it was necessary to use 
different limiting temperatures. Zero represents roughly a point 
about 25° below the daily mean temperatures of the winter season, 
and this difference makes the approximate measure of a cold day in 
March and November, 10° or below, and of a cold day in April and 
October, 24° or below, which are respectively the bases used in 
Tables XLI and XLII. The entries are in all cases the absolute 
minimum temperatures for the days in question and may be used 
in the study of the following subject. 

DAILY EXTREMES OP TEMPERATURE, ABSOLUTE 

Table XLIII contains the highest and lowest temperatures as 
recorded for each of the days of the year, the year of such record being 
given in each case, and the absolute range for the day. The table 
will be found useful in locating the earliest and latest occurrence of 
any given temperature, and the interval through which any given 
extreme has been reached or exceeded. For instance, it will be seen 
readily that the occurrence of a temperature of 100° or over has in 
all cases been confined to the first three weeks in July. The highest 
temperature ever recorded in this city by the official instruments 
was 103° on July 21, 1901. Other records of 100° or over are as 
follows: 102° on July 10, 1901, and on July 4 and 5, 1911; 100° on 
July 3, 1911, and on July 16 and 17, 1887. A temperature of 90° 
has occurred as early as May 9, and as late as September 24, in 1895 
and 1891, respectively. The earliest protracted periods of 90° or 
over occurred from May 17 to 19, and from May 25 to 27, 1911; the 
latest was from September 19 to 22, 1895, during one of the warmest 
Septembers on record. This September had in all 6 days with 
readings of 90° or over, while there were but 3 in the preceding 
August, and 2 in July (Table XXXIX). In fact, the most pro- 
nounced hot weather of the year 1895 occurred, not in the summer, 
so much as in the late spring and early autumn. The temperature 
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of 80° has been experienced as early as March 23 (1907), and as 
late ae October 23 (1899 and 1901), when the maxunum for each 
day was 82°. The earhest occurrence of 70° or over is March 8 
(1879), and the latest is November 21 (1913), when the maximum 
was 72°. 

The freezing point, 32°, has occurred as early as September 30 
(1899), and as late as May 14 (1895) ; zero, as early as November 28 
(1872 and 1887), and as late as March 22 (1888). The absolute 
minimum for the city is —23°, which occurred on December 24, 1872, 
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SUMMARY OF TABLE XLni 

AbSOLUTB EXTRBIOSS OF TZMPBRATURB 
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* Also on the 26th and 27th. 

about a month before the average date for the absolute winter mmi- 
mum (Table XLIV). Zero or lower has been recorded in some year 
or other on every day of January and February, and on every day of 
December except the 5th, 11th, and 12th. The greatest difference 
between the extremes of temperature for any one day throughout the 
year, that is, the greatest absolute range, is 87*^ on December 24, from 
64^ in 1889 to -23^ in 1872. 



INTERVAL BETWEEN OCCURRENCE OF LOWEST AND HIGHEST TEMPERA- 
TURES, WINTER TO SUMMER 

The lowest mean temperature of the year occurs on February 1, 
and the highest mean on July 16, 165 days later (p. 26), but it is 
seldom that the extreme temperatures of winter and summer are 
actually experienced on those dates. In fact, as will be seen in Table 
XLIV and Fig. 14, the absolute minimum of the winter season has 
never occurred on February 1, and the absolute maximum of sum- 
mer has fallen on July 16 only three times since the official records 
began. The winter minimum usually accompanies the passage of a 
more or less severe cold wave, and the summer maximum ordinarily 
attends a period of pronounced heat in the interior portions of the 
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country. Both occurrences are the result of conditions much more 
complicated than the simple swing of the sun from tropic to tropic, 
and are far from being coincident with the time of arrival of that 
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luminary at either end of his journey. The lowest temperature of 
the winter season has occurred as early as December 9 and as late 
as March 2; the highest tfimperature of summer has occurred as 
early as June 3, and in one instance was delayed until September 5. 
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The average times of these extremes are January 20 and July 19, 
respectively, and the interval between extends over 180 days. There 
is, however, a considerable range in the interval between the occur- 
rence of the lowest and highest temperatures, the longest on record 
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Pio. 14. — Interval between time of occurrence of lowest and higheet tem- 
peraturea. 
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beii^ 236 days in 1912, from January 7 to August 31, while the 
shortest, 115 days in 1895, from February S to June 3, was only a 
little less than half that time. 

OCCURRENCE OF FROST 

The length of time each year during which the temperature is 
sufficiently high to permit the growth of vegetation has been estab- 
lished in a previous topic (p. 86) as 221 days, but attention was there 
called to the fact that this period does not represent the actual grow- 
ing season for annuals or plants susceptible to damage by low temper- 
atures. It now remains to inquire into the occurrence of frosts and 
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frost temperatures, and to determine the limits within which tender 
plants may reasonably be regarded as safe. According to Weather 
Bureau usage, three kinds of frost are distinguished: light frosty 
which has no destructive effect, except on the tenderest plants and 
vines in exposed places; heavy frost, which is accompanied by a 
considerable deposit, but is yet not severe enough to afifect the hardier 
annuals; and killing frost, which destroys all susceptible growth, 
even if there is no actual deposit of hoar frost. This last condition 
is usually attended by the formation of ice on shallow puddles and 
pools. A dry freeze unattended by the formation of hoar frost is, 
in fact, often the most damaging, because it is the result of low 
temperatures throughout a considerable portion of the night; whereas 
a lower reading may occur on some other night but the damage yet 
be much less because the temperature falls rapidly to its minimum 
and immediately rises to a point above the danger mark. 

From the above explanations it will be plain that the recording 
of the various classes of frost must depend largely upon the judgment 
of the observer as to the damage sustained by the different kinds of 
vegetation. Obviously, in a large city this is a very difficult task, 
as the extent of vegetation is limited, and much of that existing is 
to some extent at least under artificial protection. For this reason, 
while the actual occurrences of frosts are recorded as far as they can 
be observed, certain temperatures, called frost temperatures, are noted 
as the limits above which frost is not likely to occur. 

1. Minimum temperature of JfiP, or light frost. — Ordinarily, 
during the spring and fall Ught frost will occur in portions of the city 
when the air temperature at the Weather Bureau office has fallen 
to 40^, if the sky is clear enough to promote rapid radiation at night 
and the wind not of sufficient force to keep the lower strata of the 
atmosphere well mixed. In fact, there are certain localities in the 
outskirts where the relatively lower surface of the ground gathers 
the colder, heavier air as in a cup, and in these sections light frost 
often occurs when the official thermometers record a minimum tem- 
perature considerably higher than 40° (p. 13). Even in the section 
where frost has formed the temperature of the air does not neces- 
sarily fall to the freezing point, but it is the surface of the object on 
which the frost forms that has cooled to 32°. The air itself is both a 
poor absorber and a poor radiator of heat, and most objects, such as 
leaves of plants, edges of boards, and loamy soils, become much 
cooler under a clear sky at night than does the air, because they are 
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more active in radiatiag the heat accumulated during the day. Thus 
the temperature of the surface of such objects may descend below 
the freezing point, and frost is therefore Ukely even though the 
temperature of the air is considerably above 32°. 

Table XLV and Fig. 15 show the dates of the last occurrence in 
spring and the first in autumn of the frost temperature of 40°. The 
interval between these dates is also shown, while the table indicates 
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for each season the excess length or the deficiency as based upon the 
average period of frostr-free temperatures given at the bottom. The 
last frost temperature of spring has occurred in May 36 times during 
the 42 years from 1871 to 1912; in April, 4 times, once as early as the 
10th; and in June only twice, the latest occurrence being June 22 in 
1875. The average date of the last occurrence in spring is May 14. 
The average date of the first occurrence of the frost temperature in 
autumn is October 5. It will be seen from the table that there have 
been nearly as many occurrences in September as in October, but 
this does not indicate any greater irregularity in the autumn, because 
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the equated dates fall 9 days earlier in the month than is the case in 
the spring. Frost temperatures in the latter half of the year have 
been noted as early as September 13, and in two instances have 
been delayed until November 2. The average interval between the 
equated dates in spring and fall is 144 days, and this may be regarded 
as the lei^h of time through which freedom from injury by low 
temperatures may reasonably be expected for the most susceptible 
plants common to the locality. In the 42 years of record, 25 seasons 
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Fig. 15. — Interval between last and firet 
tureof 40° (light frost). 
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have been longer than the average and only 16 have been shorter, 
but in the latter cases the departures have as a rule been the most 
pronounced. The season of 1908 was exactly of the average length, 
but with opening and closing earlier than the equated dates by about 
8 days; the longest period was in 1881, from May 3 to October 2, 
182 days; while in 1875, the year of lowest mean temperature, only 
90 days intervened between the first and last occurrences of frost 
temperatures on June 22 and September 21, respectively. 
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2. Killing frosts. — No special data have been prepared on the 
occurrence of heavy frosts because of the personal error possible in 
judging the diflferent degrees of intensity laid down for light and 
heavy deposits; and, indeed, both light and heavy frosts may occur 

TABLE XLVI 
LiLST AND Four OccuRBSNCi OF KiLLnrG Frobvb, 1871-1912 



Year 


Last in Spring 


Min. Temp. 


First in Autumn 


Min. Temp. 


Interval in Days 


1871 


Mar. 23 
Apr. 16 
Apr. 30 
Apr. 24 
May 2 
Apr. 2* 
Apr. S* 
&f«y 13 
Apr. 4* 
Apr. 12* 
Apr. 7* 
M«y 16 
Apr. 24 
Apr. 3* 
May 10 
Apr. 8* 
Apr. 25 
May 16 
Apr. 6* 
Apr. 14* 
Apr. 8* 
Apr. 24 
Apr. 22 
Apr. 9* 
May 14 
Apr. 9* 
May 1 
Apr. 6* 
Apr. 5 
Apr. 13* 
Apr. 19 
Apr. 8* 
Apr. 5* 
Apr. 21 
Apr. 7* 
Mar. 31* 
May 4 
Apr. 3* 
May 2 
Apr. 24 
Apr. 7 
Apr. 18 


32- 
32- 
30* 
30* 

2r 

32* 
32* 
38* 

2y 

31* 
26* 

zr 
zr 
zr 
zsr 
zr 
2r 

34* 
29" 
28" 
ZV 

zr 

31* 
31* 
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2r 

29- 
32* 
34* 

2r 

30* 
31* 
31* 

zr 

35" 

29r 
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2r 
zr 
zr 


Oct. 28 
Oet. 10 
Oct 23 
Nov. 1 
Oet. 2 
Oet. 4 
Oct. 5 
Oet. 19 
Oct. 24 
Oet. 18 
Nov. 3 
Nov. 13 
Nov. 1 
Oet. 23 
. Oet. 6 
Oet. 1 
Oet. 12 
Oet. 3 
Sept 27 
Oct. 27 
Oct 22 
Oct 6 
Oct. 16 
Oct. 6 
Sept. 30 
Oet. 18 
Nov. 3 
Oct. 15 
Sept 30 
Nov. 6 
Oct. 17 
Nov. 23 
Oct 27 
Oct. 28 
Oct 21 
Oct. 10 
Oct. 14 
Oct. 12 
Oct. 14 
Oct. 29 
Oct 24 
Oct. 24 


26* 
31* 
28* 
29" 
38* 
38" 

zr 

34* 
34* 
28* 
36* 
25* 

3r 

28" 
38" 
32* 
30* 
32* 
Z5* 
34" 
33" 
40" 
38" 
39" 
36* 
34* 
36* 
40" 
32* 
38* 
33" 
31* 
33* 
34* 
35* 
30* 
39" 
41" 
29" 

2r 

ZV 

zr 


218 


1872 


176 


1873 


175 


1874 


190 


1875 


152 


1876 


184 


1877 


182 


1878 


158 


1879 


202 


1880 


188 


1881 


209 


1882 


180 


1883 


190 


1884 


202 


1885 


148 


1886 


175 


1887 


169 


1888 


139 


1889 


173 


1890 


195 


1891 


196 


1892 


164 


1893 


176 


1894 


179 


1895 


138 


1896 


191 


1897 


185 


1898 


191 


1899 


177 


1900 


206 


1901 


180 


1902 


228 


1903 

1904 


204 
189 


1905 


196 


1906 


192 


1907 


162 


1908 


191 


1909 


164 


1910 


187 


191lt 


199 


1912t 


188 






Avwace 


Apr. 18 
Mar. 23. 1871 
M«y 16. 1888 




Oct 18 
Sept. 27. 1889 
Nov. 23. 1900 




182 


Earliest 






Longest 228 


Latest 






Shortest 138 











ture. 



* Not customary to record frosts until April 15, dates given being the last occurrence of freeiing tempera- 
t Not included in averages. 



at the same time in localities in close proximity to each other. In the 
case of a killing frost, however, the effects are practically in all cases 
easily discerned, especially in the autumn, when vegetation is in full 
development. Table XLVI will therefore be valuable in establishing 
the average and extreme limits of the growing season, so far as the 
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ordinary annual and deciduous plants and shrubs are concerned. 
The accompanjring minimum temperatures are given in the table, 
which has reference to the actual occurrence of killing frost, without 
regard to the temperature at the time, and in this respect it differs 
from the preceding table and the one following, these being con- 
cerned only with the iSrst and last occurrences of certain tempera- 
tures, 40*^ and the freezing point, respectively. The average interval 
between the last killing frost in the spring and the first in the autumn 
is 182 days, and extends from April 18 to October 18, but the season 
has ranged from 228 days in 1902 to only 138 days in 1895. It has 
not been customary to record frosts in this latitude prior to April 15 
of each year, so that in the table all dates before April 15 are those 
of the last occurrence of a temperature of 32°. In 1871 this date 
fell as early as March 23, while in 1888 a killing frost occurred as late 
as May 16. In 1889 killing frost occurred on September 27, the 
earliest autumn record for this phenomenon, while in 1902 the season 
was extended until November 23. It will be noted that the minimum 
temperatures, counting only the actual occurrences of killing frost as 
recorded in the table, range from several degrees below the freezing 
point to nearly 10° above. In 1908 killing frost occurred with a 
minimum temperature at the Weather Bureau oflSce of 41°, and a 
number of instances where the minimum was from 35° to 40° may 
be picked out. The explanation is simply that of the varying condi- 
tions of radiation due to differences in cloudiness and character of 
exposure, and the effect of wind movement, as has been brought out 
previously (pp. 13, 108). 

3. Minimum temperature of 3^, or freezing point, — ^As frosts 
do not occur in cloudy weather or on nights in which the wind move- 
ment is brisk, damage to vegetation at such times is wrought by the 
actual occurrence of freezing temperatures, and under the conditions 
outlined temperatures in the various portions of the city do not 
differ appreciably from those recorded at the Weather Bureau office. 
In England the expression "degrees of frost" has reference to the 
number of degrees the temperature falls below the freezing point. 
We do not make use of this term in the United States, and it would be 
difficult to prepare data relative to such a term, if unlimited. It will, 
however, be helpful in securing a knowledge of the temperature con- 
ditions in Chicago to note the interval between the first and last 
occurrence of the freezing point, 32°, each year, and these data are 
presented in Table XLVII and Fig. 16, in substantially the same 
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manner as was used in the treatment of the occurrence of the frost 
temperature (Table XLV, Fig-. 15). The average interval is 193 days 
in length, and extends from April 16 to October 27. The longest 
interval on record was 228 days, from April 8 to November 23, 1902, 
November of that year being exceptionally warm; while the shortest 
was 154 days, from May 1 to October 3, 1888. In 1871, 32° was not 
reached later than March 23, and in 1895 it occurred as late as May 
14. In the fall the earliest recorded date is September 30, 1899; 
and the latest, November 23, 1902, mentioned above as the expiration 
of the longest interval of temperatures above freezing. 
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Both this record of the first and last occurrence of freezing 
temperature, and that in the previous paragraph on killing frosts, 
bear out all that has previously been stated regarding the influence 
of Lake Michigan in tending to maintain moderate temperatures 
near its shore. The average growing season at LaGrange, whose tem- 
peratures have been compared with those of Chicago {p. 46), as 
determined from its record of killing f roeta, is an interval of 163 days. 
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and extends from May 1 to October 11 ; whereas, as shown in Tables 
XL VI and XLVII, in the city the period of freedom from killing frosts 
ia 19 days longer, extending from April 18 to October 18. The average 
interval between the occurrence of last and first actual temperature of 
32° in Chicago is 11 days longer than its season between killing 
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Fio. 16.' — Interval between last and first occurrence of a temperature of 32°, 
1871-1910. 
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frosts, but is fully 30 days longer than the record for LaGrange. 
Similarly, none of the stations in northern IlUnois appearing in Table 
XXI (p. 54) has as long a season free from killing frosts as does 
Chicago (see Bulletin W, Summary of Climatological Data for the 
Vniled Stales, sec. 64, p. 6). 

RANGE IN TEMPERATURE 

The difference between the maximum and minimum temperatures 
of any place is called the range in temperature for that point, and may 
be either absolute— that is, calculated for individual years, months, or 
days — or mean — that is, based upon the average maximum and 
minimum values. The term indicates the amount of temperature 
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change experienced in a locality, and it ie therefore an important 
factor in the discussion of climate and weather. In Table XLVIII 
the absolute annual range for Chicago is given in the last column for 
the entire period of official record, and the mean for the year shows an 
average annual fiuctuation through 106?3. As the highest tempera- 
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SUMMARY OF TABLE XLVHI 

Emua MoNTBLT Rahom or TncraBATUBX, 1871-1913 

(See Fig. 18) 



Month 


Year 


Range 


Maximum 


Minimum 


January 


1897 
1895 
1873 
1899 
1895 
1913 
1911 
1887 
1899 
1887 
1874 
1884 


77 
76 
72 
70 
62 
55 
49 
51 
66 
68 
72 
72 


57 
61 
60 
88 
94 
99 
102 
98 
98 
82 
72 
61 


—20 


Febrnaiy 


—15 


Mueh 


—12 


ApcU 


18 


Mfty 


32 


June 


44 


July 


53 


August 


47 


September 


32 


October 


14 


N oreinber 





Deeember 


-11 







ture on record for Chicago is 103° and the lowest —23° (Table XLIII), 
the recorded absolute extreme for the city is 126°, but this extreme 
range for the whole period of observations has never been experienced 
in any one year. In 1872, however, the range reached 121°, and there 
are a number of years in which it exceeded 110. In only 6 years 
of the record has the range been less than 100°, the least being a 
fluctuation through only 87° in 1906, from a maximum of 93° to a 
minimum of 6°. 

Fig. 17 shows graphically the annual range of temperature at Chi- 
cago, together with seven other cities of the United States, roughly in 
meridian and parallel arrangement, for a period of 35 years ending with 
1905, and serves to illustrate the variation in the annual oscillation 
of temperature in the different sections of the country represented. 
The average annual range at Chicago for this period was 108°, slightly 
higher than that shown in Table XL VIII, as the generally higher 
minimum temperatures of the last five years of record have reduced 
the mean range by nearly 2°, but this does not afifect the comparison 
with the other cities shown, the records being all for the same period. 
From the upper portion of the figure it will be seen that the annual 
range in temperature steadily decreases from north to south, that 
Duluth experiences annually fluctuations nearly equal to the greatest 
yearly range in the record of Chicago, that at Memphis the average 
range of the year is just that of Chicago's lowest record, while at 
New Orleans the amplitude is less than Chicago's average by 38°. 
The extreme cold of winter in the northern sections and the high sum- 
mer temperatures produced by long hours of sunshine falling upon the 
great land expanse of the level plains states results in a far greater 
annual range than is found in any region to the southward. In the 



TEMPERATURE 



117 



lower portion of the figure the effect of the westerly winds blowing 
from the Pacific Ocean may be seen in the very small average yearly 
range for San Francisco, which is less than half that for Chicago. 
At New York, while proximity to the Atlantic Ocean has reduced 
the annual range considerably, the effect is not nearly so great as is 
that of the Pacific along the western coast, because the prevailing 
winds at New York blow from the landward side; yet the ocean 
influence b sufficient to bring the average yearly range H" under the 
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Fig. 17. — Annual range in temperature, I875-I905. 
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range for Chicago. Denver experiences annually fluctuations that 
averse 5° greater than those in this city, and the greater range is 
due to the higher altitude and the rarer atmosphere in the case of the 
former, and the moderating influence of Lake Michigan in the case 
of the latter. While the annual range at Chicago is considerable, it 
is not as great, as a rule, as that observed on the Great Plains and in 
the eastern foothills of the Rockies; and it is, in fact, of such an 
extent as rather to stimulate the energies and activities of its people 
than otherwise. 
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Table XLVIII also contains the absolute range in temperature 
for each month since 1871, that is, the difference between the abso- 
lute maximum and the absolute minimum for the mimth. Just as 
the daily changes in mean temperature are greater in winter than in 
summer (p. 30), so are the mean monthly raises in temperature, the 
average range for January being 59?3 and that for July 37?2. The 
greatest range in any one month was 77°, in January, 1897; and the 
least, 26°, curiously enough occurred in November, 1878, and is 2° 
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Fia. 18. — Greatest monthly range of temperature, 1871-1913 (see nimmary 
of Table XLVIII). 

lower than the least range for any of the summer months. The 
greatest absolute range for the various months of the year is given in 
Fig. 18, and in the summary of the table, the latter also showing 
the highest and lowest temperatures and the years of the months in 
question. 

The absolute daily range in temperature for the different days of 
the year has already been pomted out in connection with the dis- 
cussion of daily extremes (p. 93), so that no further treatment of that 
phase of the subject is needed here. Table XLIX, however, gives 
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the greatest range occurring on any one day for the various months 
of the period of record. Were it not for the location of Chicago upon 
the shore of the lake, whose waters in winter are relatively warmer 
than the air, the daily ranges of the colder season could confidently be 
expected to be the greatest of any throughout the year. As a 
matter of fact, they are considerably greater than the daily ranges of 
mid-summer, but yet are not as great as those occurring in the 
months of April, May, and June. This greater fluctuation, due to 
the cool lake breezes (p. 43), is readily seen in the mean values 
at the bottom of the table, and also from the mean daily ranges in 
temperature based upon the range of every day in the official record, 
as given in Auxiliary Table D. 

AUXILIARY TABLE D 

Mean Daily Ranqb in Timpibatdrb 

Jannaiy 14?3 M«y 15?6 September 13?9 

Fefaruwy 14?2 June. 14?9 October 13?9 

Marah 13?6 July 14?1 November 13?3 

April 14?6 August 12?8 December 13?0 

For the year 13?9 

This greater fluctuation in April, May, and June is not because 
there are greater individual ranges in the spring than occur in January 
and February, but rather because the well-marked changes are more 
frequent at that time of the year. Great ranges during the winter 
months are usually caused by the advance of general cold waves 
which have escaped the moderating influence of the lake, as was the 
case with the large ranges of February, 1900, and January, 1888. In 
the spring, however, the greatest ranges are caused by a shifting 
of the wind from land to lake at a time when the temperature has 
risen to a markedly high degree. Such conditions occur every year 
in the spring months, because the water in the lake is then much colder 
than the air, and the difference is greater than at any other season; 
while in winter, months occasionally pass without any decided 
temperature changes. 

The amount of range in temperature, of course, does not give any 
indication of the character of a month with respect to warmth or 
cold, but does describe the period with regard to changeableness. 
In fact, a very cold or very warm month will often have but little 
range in temperature if the cold or warmth has been persistent. 
For instance, in January, 1880, which was the warmest January on 
record at Chicago, the greatest daily range in temperature was only 
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27°, and the absolute range for the month was but 42°. There are, 
however, instances which present altogether different relations 
between the mean temperature and the range. In April, 1911, a 
very nearly normal month with respect to mean temperature, the 
greatest daily range was only 18°, and the absolute rai^e was only 
43°. There were but two other months in the history of the Weather 
Bureau office in Chicago in which at least one day did not exceed 
the record of April, 1911, in greatest daily range. Range is there- 
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Fig. 19. 

fore indicative rather of evenness of temperature than of the actual 
degree experienced, and in comparisons serves to point out equable 
climates. 

Fig. 19 illustrates the widely varying character of temperature 
changes which have been experienced in Chicago. The curved line 
shows the hourly course of temperature on February 8, 1900, when the 
greatest daily range on record occurred, 52°, from a maximum of 
62° to a minimum of 10°. This change actually occurred between the 
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hours of 8 A.M. and midnight, and did not require the entire space 
of the day to accomplish the fall. On the same graph, the straight 
line shows a temperature of 32° at every hour on March 24, 1891, there 
being not a single degree of variation throughout that time. Because 
of a strong northeast wind during the whole period on the latter date, 
and a totally clouded sky which shielded the atmosphere from the 
rays of the sun, the air assumed the temperature of the water in the 
lake, then at the freezing point, and maintained it from one end of 
the day to the other. It is the only instance of the kind within the 
Weather Bureau record, and is therefore the day of least range in 
temperature. 

FREQUENCY OF MARKED RISES AND FALLS OF 20° OR MORE IN 

TEMPERATURE 

1. Within twenty-four hours. — In the discussion of changes in 
temperature of stated amounts (p. 31) the mean temperature of the 
day was compared with that of the day following, while in the dis- 
cussion of ranges just preceding this paragraph the change of tem- 
perature within the actual twenty-four hours of the day was used as 
a basis. A marked fall or rise, however, not infrequently extends 
from one day into the next, and the range for either day or the 
mean temperatures for both days, may give an entirely wrong idea 
of the real course of the temperature. For this reason the Weather 
Bureau has, since shortly after the beginning of its hourly records in 
1890, taken note of marked changes in temperature for any period of 
twenty-four hours, whether such change occurs in one day or in 
portions of two days, and such portions of these data as are important 
to an understanding of Chicago's weather and climate are presented 
here. 

Tables L and LI and Figs. 20 and 21 show the frequency of 24- 
hour rises and falls of 20^ or more in temperature by months and 
years from 1893 to 1910, inclusive. The number of such falls is seen 
to be much greater than the number of rises, in the ratio of 532 to 
348, the average annual occurrences being 29.6 for falls and 19. 2 for 
rises. Ordinarily a rise in temperature is more gradual than a fall. 
For instance, with the coming of a cold wave the temperature falls 
rapidly, but after the crest of the wave has passed the change back 
to normal is usually gradual and requires a considerably longer time 
than did the drop to the minimum. The greatest number of these 
marked falls in temperature occurs during the winter and spring 
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months, just as the greatest daily and monthly ranges have been 
shown to occur (p. 118). In autumn, however, the number of marked 
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falls is considerable, and this is to be expected, as the sun is then 
retreating to the winter solstice and the mean change is from warm 
to colder weather. So also, with the approach of the sun in spring 
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Fia. 20. — Average number of 24-hour temperature risee and faile of 20° o 
ire. Record of 1893-1910, inclusive. 
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and early summer, marked rises in temperature are far more numer- 
ous than those of autumn and the remainder of the summer season. 
In May both marked rises and marked falls are more frequent than 
in the other months of the year, with an average occurrence of 3.2 
and 3.6, respectively, and this fact, together with its comparatively 
great variability in mean temperature (p. 16) and its large daily 
ranges (p. 120) and its response to lake influence (p. 43), marks it 
as the most changeable month of the year so far as the weather of 
Chicago is concerned. On the other hand, practically the opposite 
of all these characteristics show August to be the month of most even 
temperature conditions, it having only one such marked rise in 
temperature in about three years, and one such marked fall annually. 
To be exact, the average yearly occurrence of these rises and falls is 
0.3 and 0.9, respectively. Fig. 21 illustrates at a glance the great 
variation in the number of these changes from year to year, and the 
large excess in the number of marked falls over the marked rises in 
temperature. It has been previously pointed out that the tempera- 
ture rises throughout a considerably shorter period of the year than 
it falls (p. 26), and as the record of marked falls and rises shows a 
large excess of changes of the first class, it might hastily be concluded 
that the statements are inconsistent with each other, as such a con- 
dition would indicate a constantly decreasing mean annual tempera- 
ture, which is not the case (p. 5). It must be remembered in this 
connection that these records of marked changes include only those 
in which the temperature rose or fell 20° or more in twenty-four hours, 
leaving out of consideration altogether the changes in temperature 
of lesser amounts. Now, as a matter of fact, in changes of the latter, 
class the rises far outnumber the falls, and so counteract the effect of 
the greater number of instances in which the temperature declines 
markedly. It is, however, impracticable to present tables showing 
these lesser changes, as space would have to be given the entire 
mass of hourly data on temperature. Individually, the year 1893 
holds the record for the greatest number of marked rises and falls 
in temperature, with 34 and 44, respectively. The year 1898 was 
that of the least number of marked rises, its total being only 11, 
while the least number of marked falls during the period of record 
was experienced in 1908, when only 21 occurred. It will be noted 
from the tables that the warmer months of the year are com- 
paratively free from rises in temperature of 20° or more during 
any twenty-four hours. 
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Table LII givea the number of days in each month and year in 
which these marked rises amounted to from 30° to 39° in any twenty- 
four hours, and Table LIII shows the actual chai^;e in degrees when 
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the rise exceeded or equaled 40°. In only one instance has the tem- 
perature risen as much as 48° in any twenty-four hours (March 29-30, 
1895), and there are only 4 days in the record which show a rise of 40° 
or over. 

Table LIV gives the number of days in each month and year 
in which the marked falls amounted to from 30° to 39°. Table LV 
^ves the same data for falls of from 40° to 49°, but shows the actual 
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amount of chat^e in each case; and in a similar manner Table LVI 
shows the number of changes in which the fall was 50° or over in 
twenty-four hours, with the actual amount in degrees. A compa^ 
rison of Tables LII and LIII with Tables LIV, LV, and LVI, shows 
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plunly how the marked falls in t«mperature of each class predommate 
over marked rises of like amounts. In the first class of from 30° to • 
39° change, the record shows 100 falls to 41 rises during the period 
of 18 years; in the class of from 40° to 49° change, 26 falls to 4 rises; 
and while there have been 3 instances in which the temperature fell 
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50** or more in twenty-four hours, there has not been a single time in 
which the temperature rose 50** in that time. There has been one 
occurrence of a fall of more than 60° in twenty-four hours. This 
happened in November, 1911 (see Fig. 22), after the period shown 
in the tables, during the advent of the severe cold wave of the 
llth-12th, chronicled by one of the city newspapers as the one time 
in the history of Chicago when "one man was overcome by heat and 
two others frozen to death within the short space of twenty-four 
hours." At 4 p.m. of November 11, 1911, the official thermometers 
stood at 74°. At 10 a.m. on the following morning the mercury had 
dropped through 60°, and by 12:30 p.m., 20i hours after its highest 
point of the day before, the instruments showed 13°, making the 

TABLE LVI 
Numm OP M-Houb Fallb in TiMpnuTCRB or 50" oe Oyis, 1803-1910, with tki Aiiouirr in Each Cask 
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record fall of 61° during any 24-hour period covered by the observa- 
tions of the Weather Bureau. Never before had a November 11 
been so warm, and never before had a November 12 been so cold. 
No change of 30° or over has been observed in August in twenty- 
four hours, and the months of June to October, inclusive, appear to 
be exempt from any such changes of 40° or more. 

Figs. 22 and 23 illustrate the hourly course of temperature during 
the great changes shown in Table LVI and of three of the four 
shown in Table LIII. The great fall in November, 1911, has been 
added to the former, and a marked rise in March, 1903, to the latter 
figure. The general similarity of movement in the temperature 
change during these pronounced rises and falls can be seen at a 



TEMPERATUBE 



129 



glance. Usu&lly the movement begins between sunrise and sunset of 
the first day, the maximum of the rise being reached during the 
' afternoon of the second day, and the minimum of the fall during the 
early morning hours. The influence of night radiation in the case 
of the fall, and of the sun's rays during the following morning in the 
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Fio. 22. — Greatest falla in temperature in any twenty-four consecutive hours 
rless, 1893-1911. 
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case of the rise, is quite plain from a study of the graphs, although, of 
course, the chief factor of control is the movement of the general 
storm areas past the city, with the attendant shifting winds that 
import air of greatly different temperatures. 

Tables LVII and LVIII contain the greatest rises and falls in 
temperature for each month of the period of hourly record, when 
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such change has amouated to 20° or more, and has occurred in any 
24-bour period or lees. The data have do bearing on the greatest 
daily range for the month, as shown in Table XLIX, as abeady 
explained (p. 122). 
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FiQ. 23. — Greatest rises in temperature in any twenty-four consecutive hours 
or lees, 1893-1910. 
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2. TTtiAin one hour. — It sometimes happens in the passage of 
storm areas, when conditions are such as to shift the wind suddenly, 
that much of the marked change in temperature ensuing occurs 
within a very short time, and the fall or rise thereafter to the extreme 
is much more gradual. Table LIX contains a list of the dates on 
which the temperature rose 15° or more within one hour, and Table 
LX shows the dates on which the temperature fell 20° or more within 



TEMPERATURE 



one hour, from 1902 to 1911, inclusive. As rises in temperature are 
not so rapid as pronounced falls, the lilnit of 15° has been taken for 
Table LIX instead of 20°, a rise of the latter amount having occurred 



TABLE LVlt 
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TABLE LVUI 



■, Uoim.1 MB Anrnu (Dwun). 1803-1010 
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Mh. 


April 


Uv 


J<i» 


J1J7 


Aug. 


Sqt. 


Oet. 


Not. 


D«. 


On»t- 


1803 


2S 

1 


28 
20 

1 

■"23 ■ 
21 

1 

2S 
22 


18 

21 

21 

■■J8"' 
30 

"si" 

25 
30 


i 
1 

1 

i 

20 
S3 


28 

i 
1 

1 

20 




2S 
22 




24 


i 


31 

12 


20 

■20' 
21 


























21 




29 

20 
28 

20 
13 










» 






It 
25 

32 

23 
2S 

ii 

22 
30 






a 




itoo 


21 


It 


21 

25 


"m" 

40 










21 






20 


-JO- 








22 


25 
























26 

23 










22 
21 














22 


























GiMlOt.... 


32 


35 


48 


" 


" 


32 


25 


H 


25 


28 


31 


40 


18 



in one hour only once in the period of 10 years shown. This instance 
occurred on March 26, 1907, from 3:15 to 4:15 f.h., when the rise 
was from 45° to 65°, and is the moat pronounced rise of the record. 
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The change was due to a shifting of the wind from the lake to a 
southerly direction. The risft on May 10, 1911, was occasioned by 
similar conditions, the temperature rising 18° during the first hour, 
and continuing thereafter at such a rate that at the close of the 
second hour the total rise amounted to 27°. When the change in 
temperature is due to lake effect, by far the greater portion, whether 
rise or fall, occurs during the first hour. Marked falls in temperature, 

TABLE LIX 
Tbmpbeatdbi Run or 15* oa Ovsr in 1 Hour, 1902-11 



Datb 


Tim 


Tkmpbraturk Risk (Dkorxis) 


From 


To 


Lragth 


From 


To 


Amount 


1002 June 12 


10:00 a.m. 

8:15 P.M. 

3:00 P.M. 

7:50 P.M. 
10:30 A.1I. 
12:00 M. 

8:50 A.M. 

8:50 a.m. 


11:00 a.m. 

4:15 p.m. 

4:00 P.M. 

8:50 P.M. 
11:80 a.m. 

1:00 p.m. 

9:50 a.m. 
10:50 a.m. 


Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
2hn. 


65 
45 
52 
46 
45 
61 
56 
56 


80 

65> 

70 

62 

62 

76 

74 

83 


15 


1007 March 26 

April 24 


20 

18 


1008 March 27 

1009 April 6 


16 

17 


1010 May 22 


15 


1011 May 10 


18 


May 10 


27 







TABLE LX 
Temperaturb Falls op 20" or Ovbr in 1 Hour, 1902-11 



Datb 


Time 


Temperature Fall (Deorses) 


From 


To 


Length 


From 


To 


Amount 


1902 May 3 


4:00 P.M. 

1:00 P.M. 
12:00 , M. 
12:00 ' M. 

1:00 P.M. 

7:45 a.m. 

2:30 P.M. 

4:00 P.M. 

2:55 P.M. 

1:00 P.M. 

7:00 P.M. 
11:00 p.m. 
11:00 a.m. 

8:50 P.M. 

6: 10 P.M. 


5:00 P.M. 

2:00 P.M. 

1:00 p.m. 

1:00 p.m. 

2:00 P.M. 

8:45 A.M. 

3:30 P.M. 

5:00 P.M. 

3:05 P.M. 

2:00 P.M. 

8:00 P.M. 
12:00 MDT. 
12:00 M. 

9:50 p.m. 

7:10 p.m. 


Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
10 min. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 
Ihr. 


76 
80 
86 
65 
67 
71 
89 
70 
82 
71 
63 
72 
78 
85 
89 


56 
60 
66 
45 
46 
46 
67 
50 
63 
41 
43 
49 
50 
65 
68 


20 


June 10 


20 


June 15 


20 


1904 May 26 


20 


1905 March 31 

1906 May 26 


21 
25 


June 29 ' 


22 


1907 May 26 


20 


August 1 


19 


1908 March 26 

April 6 


30 
20 


May 12 


23 


1910 April 11 


28 


1911 June 4 


20 


July 15 


21 







as will be seen from Table LX, are far more abrupt and frequent than 
the rises, there being a number of dates in the 10-year period when 
the fall exceeded 20° in one hour. The greatest change of this kind 
occurred on March 26, 1908, when the temperature fell 30° between 
1 and 2 p.m., from 71° to 41°. 

The following data, giving further particulars of the days on 
which the most pronounced short-time changes occurred, will furnish 
the necessary information for a more extended study of the subject: 
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May 10, 1911. The greatest rise in temperature was 27** in two hours, 
from 8:50 to 10:50 a.m., rising from 56** to 83**. The rise thereafter was 
gradual, reaching 87** at 2 p.m. The wind had been easterly up to 8 a.m., 
but shifted to south during the following hour. The minimum temperature 
was 52** at 5 a.m., making the range for the day 35**. 

March 26, 1908. The temperature fell 30** from 71** at 1 p.m. to 41** 
at 2 p.m., continuing until 37** was reached at 5 p.m., thus making a drop of 
34** in 4 hours. The minimum was 35** at midnight, and the range for the 
day therefore 36**. The wind was high from the southwest during the 
morning, but changed to north shortly after 1 p.m., and continued with only 
slightly diminished velocity. 

April 11, 1910. The temperature fell 28** from 78** at 11 a.m. to 50** 
at 12 noon, continuing until 46** was reached at 3 p.m., thus making a drop of 
32** in 4 hours. The minimum was 41** at midnight, and the range for the 
day therefore 37**. The wind was light from the south and west up to 
11 A.M., when it changed to north and increased in velocity, reaching a 
maximum of 30 miles an hour at 11:50 a.m. 

These great rises and falls in temperature within a single hour, as 
shown in the tables, occur almost invariably in the spring and early 
summer. The changes in twenty-four hours accompanying the cold 
waves of the winter season are far greater than those of any other 
portion of the year, but the fall hour by hour is usually small as 
compared with the changes due to shifting winds in spring. For 
example, in February, 1900, the temperature fell 58° on the 8th-9th, 
from 62° at 8 a.m. of the 8th to 4** at 4 a.m. of the 9th, yet the greatest 
hourly change was but 13°, and that amount of fall occurred only 
once, the next largest being 9°, with none other greater than 4°. 
During the cold wave of November 11-12, 1911 (p. 128), the greatest 
of any of the hourly falls was but 12**. 

HOURLY TEMPERATURE CONDITIONS 

1. Mean hourly temperatures by months, — The daily cycle of 
change from the highest temperature of the afternoon to the lowest 
during the early morning hours, and back again, is familiar to every- 
one. Broken as is this cycle by the passage of storm areas, it is 
sufficiently distinct to impress even the most casual observer of 
weather conditions, and when sought in the average values of tem- 
perature shows a surprisingly even daily movement and regularity 
of oscillation through the months of the year, as will be apparent 
from a study of Table LXI and Fig. 24, which have been prepared 
from the hourly temperature records from 1890 to 1910, inclusive. 
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In the discussion of maximum and minimum temperatures (p. 26), 
it was shown that the highest temperatures of the year occur on 
July 16, and the lowest on February 1, the mean temperature, of 
course, occurring once on either side of these two dates. The present 
table and graph indicate the time of day at which the highest and 
lowest temperatures usually occur for each of the months of the 
year, and also the hours on either side at which the mean hourly 
temperature of the month is experienced. The warmest hours of the 
year are 3 and i p.m. in July, with an avert^e temperature of 76°, 
and the coldest b 6 a.m. in February, with an average of 20?8. The 
mean hourly temperature of the month, shown in the right-hand 
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FiQ. 24. — Mean hourly temperature. 
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column in the table, is also the mean temperature for the month for 
the period from 1890 to 1910. The values, however, do not coin- 
cide with the means shown in Table I (p. 8) for two reasons: the 
period of observations on which the values in Table LXI are based 
is only about one-half the length of that used in Table I; and 
again, the values of the former are calculated from the hourly tempera- 
tures, while those of the latter are calculated from the maximum and 
minimum readings, and there is a slight difference in result between 
the two methods (p. 3). Fig. 24 will be found very useful in locating 
definitely the portions of the day in which any given temperature 
is likely to occur. For instance, the temperature averages 75° or 
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over from 1 to 6 p.m. in July, and from 3 to 4 p.m in August, as 
shown by the 75°-line in the drawing, and an average temperature of 
between 20° and 25° prevails in January and February from two or 
three hours before midnight until about noon. The temperatures 
average more than 60° at all hours of the day throughout June, 
July, August, and September. In similar manner the daily and 
yearly prevalence of any temperature can be determined. While 
the hourly annual and seasonal values have been added to the table, 
their use in comparisons is limited, especially in the case of spring 
and autumn, when temperatures are changing rapidly through a 
wide range. 

2. Temperature phases, — It is evident that the hourly tempera- 
tures in their movement through the diurnal cycle referred to in th 
previous paragraph must touch the important values of the day in 
the following order: minimum, mean, maximum, mean. It is there- 
fore of much consequence that the times throughout the months of 
the year at which these readings ordinarily occur be determined with 
greater accuracy than is done in Table LXI. The number of times 
the mean hourly values in question have occurred at the different 
hours of the day are set forth in Table LXII, and the average times of 
occurrence have been equated therefrom, as shown. For the year as 
a whole, the minimum temperature of the day is reached at 6 a.m., and 
the temperature rising thereafter passes the daily mean at 9:55 a.m., 
and continues to the maximum of the day at 3 : 25 p.m. Thereafter 
there is a fall past the daily mean at 9:40 p.m. to the minimum of the 
following day. It will be seen, however, that throughout the various 
months these successive phases seldom occur at the mean yearly 
time, although there is comparatively slight variation in the time 
of occurrence of the maximum temperature. The minimum, on the 
other hand, occurs as early as 4:50 a.m. in June, and as late as 6:35 
A.M. in January, varying regularly with the rising of the sun. The 
apparent discrepancy in December is caused by the occurrence of the 
mean minimum once at 1 a.m. and once at 2 a.m., which advances 
the average time considerably, as computed from the data. The 
variation of the time of occurrence of the mean temperature of the 
day is also well marked, being much earlier in the summer than in 
the winter months. 

Under normal conditions, that is, when not subject to storm 
and cold wave conditions or otherwise, and when not subject to direct 
insolation, any given portion of the surface of the earth will cool 
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off at a more or less rapid rate, depending upon cloudiness, con- 
vection, etc. This loss of heat, represented by the lowering of the 
temperature, goes on all the time, although the rate may vary con- 
siderably, and ordinarily increases rapidly with rising temperature. 
Normally a minimum temperature will be reached at sunrise or 
shortly thereafter, the mercury rising when the surface of the ground 
begins to receive heat by radiation. The amount received is small 
at first, but increases rapidly as the sun attains altitude, and although 
the loss of heat proceeds at the usual or even more rapid rate, never- 
theless the temperature rises steadily because the amount of heat 
received exceeds that lost. When the sun reaches the meridian 
insolation is at a maximum, but thereafter diminishes with increas- 
ing rapidity as the sun declines. The temperature, however, con- 
tinues to rise slowly, and attains its maximum some hours later, when 
the diminished intensity of insolation is then equal to the rapid 
losses by radiation, convection, etc. Actual cooling then sets in, 
notwithstanding that heat continues to be received up to sunset and 
in quantities that in the morning hours sufiiced to cause a rapid rise 
in temperature. 

We thus find that although on the average the sun shines during 
12 hours or more each day, yet its heating power is not adequate to 
maintain a rising temperature for more than about 9 hours. Not only 
is the heat received during the remaining 3 hours lost as rapidly as 
received, but in addition a portion of that previously stored is carried 
away by the convection and radiation process. This 3-hour period 
being added to the 12 hours of darkness during which heating from 
outside sources is inappreciable gives 15 hours of cooling for the entire 
day. 

After the minimum of the yearly temperature is passed, and 
as the sun advances in its northward course, the loss of temperature 
each day during the hours of cooling is a little less than the rise of 
temperature under the influence of the sunshine, so that Uttle by little 
the daily mean rises, whereas the reverse occurs while the sun is 
returning southward and daily means are on the average steadily 
diminishing. 

3. Hourly departures from mean hourly temperatures. — The dis- 
cussion of hourly values in the preceding paragraphs is supplemented 
by the data contained in Table LXIII, which shows the difference 
between the mean temperature of any hour and the mean hourly 
temperature of the month in which it occurs. In this table the least 
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departures indicste the occurrence of the mean hourly temperature, 
and the greatest positive and negative departures, the maxinium and 
m inimum , respectively. The same change in time from month to 
month is apparent here as in Tables LXI and LXII. 

4. Mean hourly change in temperature. — The change in mean 
temperature from day to day throughout the year (p. 30) is some- 
what similar to the progress from hour to hour in the various months. 
Table LXIV is based upon Table LXI, and the rat« of change is 
shown graphically in Fig. 25. The rate of increase is most rapid in 
about 3 hours after sunrise and continues so for a space of from 2 
to 3 hours, while the rate of fall is much more gradual, exceeding 
1° per hour only once in the early evening during the period from 
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Fig 25 — Mean hourly change of temperature, 1890-1910 

June to October, mclusive The greatest rate of fail occurs gener- 
ally between 7 and 8pm, except m the months of September and 
October, when it is about an hour earlier The data m the table 
are, of course, average values, and individual cases are affected by the 
occurrence of warm periods, cold waves, sunshine, and storm; so 
that, as is the case with all figures involving means, the changes 
shown cannot ordinarily be expected for any one particular day. 
Yet they afford a valuable basis in the comparison of the average 
day in one season with that of another. 

ILLUSTRATIONS OF SECONDARY CONTROLS OF TEHPERATITIIE 

From the energy of the sun is received all but an infinitesimal 
portion of the heat necessary to our existence. His shifting north- 
ward and southward with the revolution of the earth brings the 
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change of seasons, while the rotation of the planet upon its axis 
compels the diurnal swing of temperature from the cool of the morn- 
ing to the heat of the afternoon. These are the primary factors 
which govern the course of temperature year in and year out, but in 
every locality there are secondary controls which exercise a greater 
or lesser influence upon the actual conditions of any particular time. 
Among these at Chicago the most important are the winds of spring 
and summer as distinguished between land and lake breezes; the 
winds throughout the year as distinguished by their different direc- 
tions; the hot wave and cold wave areas which approach generally 
from the southwest and the northwest, respectively; and the con- 
ditions of cloudiness and precipitation. Certain of these factors or 
their effects have already been described at some length (pp. 37, 72, 
76), but further illustration of their action in this connection will 
prove interesting. 

1. Effect of lake and land winds, — The influence of the shift of the 
wind from land to lake and from lake to land in spring and summer 
is shown forcibly in Figs. 26 and 27, containing the temperature 
curves of days on which such winds were the potent factors of control. 
In the first of the two figures is shown the curve for July 21, 1901, 
which has previously been cited as the day of the highest maximum 
temperature on record at Chicago, 103°, during the prevalence of one 
of the severest hot waves that the interior of the country has experi- 
enced. Until 2 P.M. the wind was a land breeze from the southwest, 
under the influence of which the temperature rose steadily to 102°. 
At that time, however, the wind shifted suddenly through north to 
northeast, with a velocity of about 15 miles an hour, and the resulting 
importation of cool air from the lake brought the temperature down 
from 102° to 84° in the space of a single hour. By 3 o'clock the wind 
had diminished greatly in velocity and shifted still farther to easterly, 
becoming southeast by 3:10 and south by 3:25 p.m., when it was 
again a land breeze and began to freshen. The action of a very light 
lake wind in lowering the temperature is weak (p. 44), and the 
mercury began to climb again soon after the shift to easterly, and as 
the direction became southwest by 6 p.m., rose to a point higher by 
1° than before. The fall after 6 o'clock was simply the diurnal 
change. 

Fig. 27 gives two instances of temperature curves of two days' 
length each on which the effect of lake and land winds is well marked, 
the temperature responding closely to the change in wind direction. 
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On May 24, 1904, shown in the upper portion of the figure, the 
temperature rose until 9 a.m., when it was 63°, the wind being light 
and therefore of little consequence. With an increase in velocity, 
however, and its shifting from southeast to east and northeast, the 
temperature fell considerably until about 5 p.m., reaching 49° at 
that hour, when the wind veered to southerly, and notwithstanding 
the diurnal influence it rose steadily until after 10 f.h. During the 

LAKE INFLUENCE. 




e during shift of wind to lake, July 



remainder of the night the temperature fell only 2°, reaching the 
minimum at 6 a.m. of the 25th. Thereafter, under the steady south- 
west wind it rose to a maximum of 87° at 3 f.u., the fall after that 
hour being the regular diurnal change. 

The curve of April 20 and 21, 1907, illustrates the action of a 
steady lake wind in maintaining a fairly even temperature during 
the daytime. As a result, in this instance there was a range of only 
6° throughout the entire 24 hours. The wind shifted to southwest 
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during the night, however, and on the 21st the temperature rose 
continuously, reaching its maximum, 57°, at about 4 p.h., and giving 
a range of 24° for the day. The conditions of sunshine and cloud were 
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Fig. 27.— EITect of l&ud and lake winds. 
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practically the aame on both days, so that the effect of the lake and 

. land breezes is brought out clearly. The character of the weather is 

shown in both graphs directly under the arrows of wind direction, as 
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follows: black line, rain; heavily shaded strip, cloudy; lightly 
shaded strip, partly cloudy; clear strip, clear sky. 

The direction of the wind is ordinarily regulated by the distribu- 
tion of atmospheric pressure, the air moving in a general course from 
the region of high pressure to that of low pressure. An easterly 
wind therefore prevails at Chicago when the barometer is high over 
the lakes and low directly to the west or southwest. There are, 
however, other times in this locality when lake winds occur under 
different conditions of pressure, and blow during a portion of the day, 
changing to land winds at night, in a manner quite similar to the land 
and sea breezes of our coasts. Such is likely to be the case when the 
pressure varies but slightly over a large surrounding region, and the 
resulting winds are consequently light. It never occurs if the pres- 
sure conditions are such as to produce strong land winds during the 
night. During a day of lake and land breezes, as on July 21, 1901, 
described above, the isobaric surfaces, or planes of equal air pressure, 
are depressed by the contraction of the cooling air over the waters of 
the lake. The land being much warmer, the opposite is the case, 
and the isobaric surfaces over the land are bulged up, as it were, by 
the heated and expanding air. This is a gravitational effect that 
expresses itself first of all in the convective upward current over the 
land, disarranging the isobaric surfaces and resulting in an overflow 
of the upper air from land to lake down the now inclined surfaces, 
increasing the pressure there and forcing a lower return current 
from lake to land. The exchange continues until an equilibrium of 
pressure is re-established by the cooling of the air over the land; and 
in the evening or at night, when its temperature has fallen below that 
of the air over the lake, the pressure conditions of the day are reversed 
and the land wind sets in. This is the cause of the lake breeze, to 
which Chicago is indebted for its equable summer temperatures. 

2. Temperatures of cold days, — Fig. 28 shows the variation in 
hourly temperature during two cold days, February 8 and 9, 1899, the 
minimum on the second day being —21® and the maximum only —8®. 
The wind direction and velocity, and the pressure curve as well, are 
given, but the main purpose of the graph is to show the hourly 
variation of temperature during a severe cold wave. The cold was 
ushered in by brisk west and northwest winds on February 8, and 
the movement continued brisk through the following day. 

3. General effect of wind direction on temperature, — We have 
already instanced the effect of certain winds upon the temperature 
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at Chicago. In individual cases, however, other influences are likely 
to be at work, so that the result looked for may not always be easy 
to perceive. If the average of a large number of cases is taken, in 
which the factor under study is present, the effect of other dis- 
turbing infiuences will be minimized. In endeavorit^; to determine 
the effect of general wind direction upon temperature, the hourly 
temperatures for the days upon which certain winds prevailed in the 
period from 1902 to 1908, inclusive, have been averted, and the 
results are shown in Fig. 29, the months of January, April, July, 
and October being chosen as representatives of the different seasons. 



Fia. 28. — Examples of cotd d&ys. 

indurinitwotddiJiinFebnivrS-V. ISW: >!» Ihn bwnnutn- tnse, 

Naturally, in all months the lowest temperatures occur with northerly 
winds, and the highest with southerly winds. The variation, how- 
ever, is not nearly so marked in January as it is in April, and in this 
month the influence of the lake wind in reducing the diurnal range in 
temperature is plainly to be seen. It will be noted also that the 
variance for the different directions in the graphs is uniformly least 
at the time of daily minimum temperature, and greatest at the time 
of maximum. 

4. Effed of doudineas and rainfall upon temperature. — Fig. 30 
has been prepared in a manner similar to that of the preceding graph, 
and for the same months and period of time. It will readily be seen 
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Fio. 29. — Effect of wind direction upon temperature. 
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Fio, 30. — EfFect o( the character of the day on the temperature. 
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from the figure that the temperature fluctuates most on da3rs of clear 
sky, because at such times the sun's ra3rs during the daytime and the 
process of radiation at night have their greatest effectiveness. In the 
cold waves of winter, however, the weather is usually clear, and this 
accounts fpr the comparatively small amplitude in the month of 
January, although even then it is considerably greater than it is in 
cloudy and rainy weather. The greatest diurnal amplitude occurs 
in clear weather in the month of October, and in every case the least 
fluctuation is experienced during rainy da5rs. In general, clear 
weather in July brings the highest temperatures, and this is also the 
case during the afternoon in April and October. In January, how- 
ever, cold waves lower the temperature of clear da5rs much bel jw that 
on days of cloudiness and precipitation. 



PART II 

PRECIPITATION 



PRECIPITATION 

Precipitation, which includes rain, snow, sleet, hail, and appre- 
ciable amounts of deposited dew and fog, is measured in inches and 
fractions thereof in depth of fall. Rainfall and melted snowfall, 
sleet, and hail are measured in inches and hundredths; but snowfall, 
sleet, and hail are also measured unmelted when practicable, and the 
depths recorded in inches and tenths. Measureable amounts of fog 
and dew occur but rarely in Chicago, and are recorded in the same 
manner as is rainfall. Mean precipitation is the average of all the 
individual amounts occurring within the period in question, daily, 
monthly, or annual, as the case may be> covering the entire time of 
observation, and the term is applied to rainfall and snowfall sepa- 
rately and to all the forms of precipitation combined. The term 
"normal" (pp. 3-^) is used in the comparison of precipitation records 
in a way similar to that in which it was used in the comparison of 
temperature conditions. 

There are no continuous records of precipitation for Chicago 
prior to 1867, when a series of observations was begun under the 
direction of the Smithsonian Institution, and continued until the 
date of the establishment of the local Weather Bureau oflSce in 1870. 
Before the beginning of the Smithsonian Institution observations, 
however, records of a more or less intermittent character were being 
made at various places in northern Illinois, some of them over- 
lapping one another, and being maintained through a portion of the 
period of oflScial observations. These have been compared with the 
Chicago records by Professor Hazen in his Climate of Chicago (1893), 
in which he publishes, in the absence of official data, est mated pre- 
cipitation for the city as far back as 1843, obtaining his figures by 
interpolation, as he did in the case of temperature (p. 4). Such 
records must, of course, lack much in exactness, because near-by 
stations often vary considerably in precipitation, especially in sum- 
mer thunderstorm periods. The estimates, however, were most 
carefully made, and are the best data available on the subject. It 
should therefore be borne in mind, in the study of the records pre- 
sented in this volume, that previous to the year 1867 the precipi- 
tation values are largely estimated, and that from 1867 to 1870, 
inclusive, they are the records of voluntary observers of the Smith- 
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soniaa Institution, while since 1870 they are comprised in the official 
records of the Weather Bureau. 



ANKOAL, SEASONAL, AND HONTHLT PRECIPITATION 

Fig. 31 shows the annual amounts of precipitation for the entire 
period from 1843 to 1910, inclusive; Table LXV the annual and 
monthly, and Table LXVT the seasonal precipitation from 1843 
to 1913. The mean annual precipitation to 1910 is 33.99 inches, 
but there is a great variation from year to year; while the 
mean as obtained from the official record beginning with 1871 
is 33.52 inches. From the graph it can readily be seen that much 
of the deficiency which caused this falling off of 0.47 inch in the 
mean occurred between the years 1885 and 1905, and covers very 
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nearly the time during which the Weather Bureau occupied quarters 
in the Chicago Opera House Block and the Auditorium Tower. The 
cause of this variation is believed to be due to the character of the 
exposure of the rain gage, as that at the latter location is known to 
have been somewhat unsuited to the purpose, and any changes in a 
city exposure are sure to affect the resulting record. The year of 
greatest precipitation for the entire time occurred in the period of 
the old records, 47 . 10 inches in 1858. The highest annual average 
for any decade, however, was entirely within the official period, 
36.48 inches from 1881 to 1890; and this is true also of the wettest 
5-year period, which covered the first half of this decade, and aver- 
aged 42.07 inches annually. Three years of the period last named 
approached the record of 1858: 1881 with 44.18 inches; 1883 with 
45.86 inches, the largest annual amount of the official period; and 
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1885 with 44.37 inches. The least yearly precipitation on record 
also occurred in the old period, 22.41 inches in 1867, while the least 
amount in the official period was 24.52 inches in 1901. Years with 
less than 30 inches, however, were very few prior to 1886, and but 
three such years have occurred since the removal of the Weather 
Bureau office to the Federal Building in 1905. Between these dates, 
out of 19 years, 11 show less than 30 inches, but, as indicated above, 
the record is thought to have been affected by the poor exposures 
of the rain gage. 

Taking the precipitation by seasons from 1843, the greatest 
amount in winter, as indicated in Table LXVI, is 14.90 inches in 
1848-49, while the next greatest amount occurred in 1895-96, 11.36 
inches. In spring, the greatest amount is 15.67 inches, in 1882. 
In summer, the greatest amount is 18.92 inches, in 1885; and in 
autumn, 17.20 inches, in 1881. The least amount in winter is 2.45 
mches, in 1876-77; inspring, 2.73 inches,ln 1887; in summer, 3.00 
inches, in 1859, old record, and 3.16 inches, in 1894, new record; 
in autumn, 3 . 10 inches, in 1844, old record, and 4 . 08 inches, in 1897, 
new record. By seasons the means of the official period increase 
from a winter minimum of 6 . 48 inches, through spring with an aver- 
age of 8.92 inches, to a summer maximum of 10.12 inches, falhng 
off thereafter to an autumn mean of 8,00 inches. For the entire 
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period of record from 1843, the seasonal means are slightly higher 
than these, with the exception of that of summer, which is practically 
the same as that of the official reading. 

The same variation in seasonal amounts can be noted in the 
table as was seen to be the case with the annual values, and there 
are a nuhiber of marked instances in all of the seasons in which the 

TABLE LXVI 

Total Sbasonal Prbcifitation, Inches, 1843-1913 
(See explanation under Table LXV) 



Year 


Winter 


Spring 


Summer Autumn 


Year 


Winter 


Spring 


Summer 


Autumn 


1843 




11.5 
10.52 


8.4 
14.7 


9.3 
3.1 


1883-84 

1884-85 


6.25 
9.40 


9.74 
7.74 


8.32 
18.02 


7.68 


1843-44 


6.6 


9.17 


1844-45 


3.2 


10.7 


8.5 


9.1 


1885-86 


8.42 


4.08 


5.85 


10.01 


1845-46 


8.2 


12.8 


8.2 


7.3 


1886-87 


9.99 


2.73 


6.03 


8.47 


1846-17 


10.8 


6.9 


6.3 


12.6 


1887-88 


6.74 


11.34 


7.69 


6.82 


1847-48 


5.2 


11.6 


12.9 


7.5 


188fr-«9 


4.89 


9.16 


12.88 


8.06 


184»-49 


14.9 


10.3 


9.4 


6.8 


1889-90 


7.35 


10.46 


8.40 


7.18 


184^^-50 


4.0 


7.7 


11.6 


6.6 


1890-91 


5.19 


7.36 


9.41 


4.51 


1850-51 


7.0 


11.7 


12.2 


7.8 


1891-92 


4.88 


11.15 


14.66 


5.56 


1851^2 


4.8 


12.7 


' 6.5 


13.1 


1892-93 


6.15 


7.78 


6.85 


6.18 


1852-53 


6.9 


9.0 


13.2 


8.3 


189*-94 


5.82 


8.66 


3.16 


10.30 


1853-54 


5.5 


7.3 


6.5 


6.2 


1894-95 


5.41 


4.17 


10.70 


7.00 


1854-55 


10.0 


6.5 


12.7 


6.5 


1895-96 


11.36 


8.21 


9.95 


10.22 


1855-56 


4.7 


8.0 


5.9 


8.58 


1896-97 


6.91 


6.63 


6.77 


4.08 


1856^57 


10.38 


11.07 


12.14 


8.9 


1897-98 


7.75 


7.59 


10.27 


8.67 


1857-58 


3.9 


13.9 


15.4 


13.1 


1898-99 


3.29 


6.60 


10.28 


5.62 


185^-59 


5.2 


12.2 


3.0 


9.1 


1899-1900 .... 


6.54 


6.19 


10.94 


6.21 


1859-«) 


5.0 


8.4 


11.4 


9.2 


1900-1901 .... 


3.78 


5.89 


8.67 


5.06 


1860-61 


8.6 


11.8 


8.8 


12.4 


1901-2 


3.89 


11.50 


13.67 


8.31 


1861-62 


6.6 


11.5 


13.2 


9.72 


1902-3 


6.02 


6.37 


9.89 


5.43 


1862-«3 


6.7 


9.3 


7.8 


7.5 


1903-4 


6.24 


9.12 


7.31 


4.54 


1863-64 


5.6 


7.2 


9.6 


7.1 


1904-5 


4.49 


10.60 


12.75 


8.05 


1864-65 


6.0 


8.4 


18.4 


9.3 


1905-6 


4.72 


5.56 


8.14 


10.67 


1865-66 


5.0 


7.0 


13.3 


8.2 


1906-7 


7.67 


8.81 


11.01 


7.34 


1866-67 


7.55 


7.70 


5.71 


3.74 ' 


1907-8 


8.50 


13.03 


9.28 


6.57 


1867-68 


3.31 


11.98 


9.53 


11.37 


190^-9 


6.98 


11.54 


13.06 


8.64 


1868-69 


5.60 


11.32 


9.61 


4.41 


1909-10 


8.14 


8.80 


5.78 


7.00 


1869-70 


4.84 


3.76 


7.48 


6.41 


1910-11* 


4.76 


7.85 


8.91 


11.09 


1870-71 


8.04 


10.26 


10.09 


6.24 


1911-12* 


4.95 


8.72 


9.23 


8.23 


1871-72 


4.96 


10.06 


9.13 


8.14 


1912-13* 


4.38 


9.73 


8.44 


5.19 


1872-73 

1873-74 


3.25 
9.42 


14.31 
6.90 


7.06 
6.98 


7.57 
9.14 












1843-1910 










1874-75 


3.58 


7.39 


15.64 


9.46 


means 


6.52 


9.26 


10.11 


8.14 


1875-76 


9.74 


7.96 


12.73 


8.19 


1871-1910 










1876-77 

1877-78 

1878-79 


2.45 
6.18 
4.69 


9.60 

15.18 

8.19 


12.08 

12.77 

9.21 


14.61 
7.99 
8.83 1 


means 


6.48 


8.92 


10.12 


8.00 


Greatest 


14.9 


15.67 


18.92 


17.20 


1879-80 


8.91 


12.42 


11.04 


6.31 I 


1 Year 


184»-I9 


1882 


1885 


1881 


1880-81 


7.96 


6.68 


10.78 


17.20 ■ 


1 Least 


2.45 


2.73 


3.0 


3.1 


1881-82 


6.46 


15.67 


14.10 


5.79 


Year 


1876-77 


1887 


1859 


1844 


1882-83 


8.^7 


11.46 


12.35 


13.98 













* Not included in means. 

precipitation was much above or below the normal. These seasons 
are given in Tables LXVII and LXVIII. The summers of 1865 and 
1885 were very wet, having almost twice the normal amount of rain- 
fall for the season; while those of 1859 and 1894 were of quite the 
opposite character, averaging only about 1 inch for each month of the 
time. In only two cases, however, has more than twice the normal 
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amount of precipitation actually occurred in a season, the winter of 
1848-49 with 14.9 inches, exceeding its normal by 8.67 inches, and 
the autumn of 1881 with 17.20 inches, exceeding its normal by 9. 13 
inches. On the other hand, the winter of 1844-45, the summers 
of 1859 and 1894, and the autumns of 1844 and 1867 all received 
approximately one-half, or less, of their normal amounts. 

TABLE LXVII 
SiASONB WITH ExcBssnrx Pbbcifitation 



Winter 


Spring 
Normal 8.80 


Summer 


1 

Autumn 


Normal 6.23 


1 Normal 10.18 


Normal 8.07 


184^-47 


-H.67 


1858 +5.10 


1844 +4.52 


1847 +4.53 


184»-49 


+8.67 


1873 +5.51 


1858 +5.22 


1852 +5.03 


1856-67 


-1-4.15 


1878 


+6.38 


1865 1 +8.22 


1858 1 +5.03 


189MH) 


+6.13 


1882 


+6.87 


1875 +5.46 


1861 1 +4.33 






1908 


+4.23 


1885 +8.74 


1877 ; +6.54 










1892 -h4.48 


1881 


+9.13 












1883 


+5.91 


Table LXVII contaii 


18 a list of seaaong with an exooBS in precipitation of 4.00 inches and over, 1843-1913. 




TABLE 


LXVIII 






Skabomb wrra DinaBirr PHKirrrATioN 




Winter 


Spring 
Normal 8.80 


Summer 


Autumn 


Normal 6.23 


Normal 10.18 


Normal 8.07 


1844-46 1 -3.03 


1870 


-5.04 


1847 ' -3.88 


1844 


-4.97 


1876-77 -3.78 


1886 


-4.72 


1862 -3.68 


1867 


-4.33 






1887 -6.07 


1854 -3.68 


1869 


-3.66 






1895 -4.63 


1856 -4.28 


1891 


-3.56 








1859 -7.18 


1897 -3.99 








1867 -4.47 


1901 


-3.01 






'. 


1873 1 -3.12 


1904 


-3.53 








1874 ' -3.20 












1886 -4.33 














1887 -4.15 














1893 -3.33 














1894 -7.02 














1897 ! -3.41 














1910 


-4.40 





Table LXVIII contains a list of seasons with a deficiency in precipitation of 3 .00 inches and over, 1843- 



1913. 



In Plate VIII are given the departures of monthly, seasonal, 
and annual precipitation from the normal, from 1843 to 1910. The 
figures show clearly the great irregularity in the amounts of precipi- 
tation from month to month, and from year to year, and yet the 
average annual falls for the decades of the period, shown in Table 
LiXV, differ but little, and would doubtless differ still less were the 
entire record obtained from a gage exposed in the same location and 
with the same surroundings. There is a tendency for the annual 
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precipitation to average up in the long run, as is shown in the plate 
by the departure line crossing and recrossing the normal precipitation 
line. The period from 1875 to 1885 was apparently one of abnor- 
mally heavy precipitation, and the period from 1893 to 1904 one of 
more than ordinary dryness. Taking the plate as a whole, however, 
there is little or no uniformity in the annual, seasonal, or monthly 
variations. 

The statements made (p. 23) relative to uniformity in the suc- 
cession of years and seasons with regard to temperature, may appro- 
priately be applied also in the case of precipitation. A careful study 
of Tables LXV, LXVI, LXVII, and LXVIII, and Plate VIII shows 
clearly that in no instance does the precipitation of any year or season 
afford a clue to that of any succeeding year or season. Instances 
are apparent of several years together with extraordinary precipi- 
tation, such as 1880-83, and there are times of deficient precipitation 
for several years, as 1899-1901; but these intervals do not appear 
to recur with any regularity. Again, some very wet years have been 
followed by years of deficient rainfall, as in 1885 (44 . 37 inches) and 
1886 (26.77 inches). The reverse is also true, as in 1874 (28.63 
inches) and 1875 (38.06 inches). Both wet and dry years have been 
followed by years of normal precipitation, and vice versa, and in 
none of the instances does there appear to be regularity of succession. 
The same is true also of the seasons. 

/ From the means given at the bottom of the table of monthly 
values, shown graphically in Fig. 32, for the official period, it will be 
seen that the average monthly amounts of precipitation increase 
gradually from the winter season to May, then remain nearly the 
same until the end of July, decreasing irregularly thereafter until 
November. August and September have about the same average 
rainfall, and the fall of December about equals that of January. It 
is apparent that the greatest amount of precipitation throughout 
the year is received during the growing season, when moisture 
is most needed; but at all times there is, on the average, a 
sufficient fall, so that there is no division in the nature of a wet and 
dry season. 

There is a great difference between the highest and lowest pre- 
cipitation records for the various months of the year. The com- 
parison is shown in Fig. 33, in which the line of mean precipitation 
is also drawn for the purpose of indicating the excesses and deficien- 
cies, as well. The variation is much more pronounced in the summer 
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Beoson, but even in the winter months there is a difference of from 
4 to 6 inches between the greatest and least values. The exact 
amounts for the months of extreme record, and the year in which 
each occurred, are shown at the bottom of Table LXV, the greatest 
monthly amount being 11.28 inches in August, 1885, and the least, 
0.06 inch in February, 1877. It will be seen that in no instance do 
any two successive months in one year hold the record of highest 
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Fia. 32.— Mean monthly precipitation, 1871-1910. 



or lowest precipitation, nor does the same month show the extremes 
in any two successive years. The record for greatest precipitation 
for March and November is in 1877, for May and October is in 
1883; the record for least precipitation for May and October is in 
1897, which was deficient in total amount by 7.43 inches, and that 
for June and November is in 1904. In no other cases does the 
same year appear twice in the record of either extreme. 
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Even in years of pronounced character, dry or wet, there is 
considerable variation from month to month, although usually 
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Fia. 33.— Monthly amount of precipitatioD, 1871-1910. 
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Fig. 34. — Total moDthly precipitation during a dry year, a normal year, and 
a wet year, the curved solid line ia each case representing the monthly normak. 

the majority of the months in such cases are of the same kind as 
the year itself. This variation is illustrated in Fig. 34, which gives 
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the monthly precipitation for each of the years 1867, 1896, and 1858. 
The second of these was a year of very nearly normal precipitation, 
while the others were the record years for least and greatest amounts 
since 1843, having 22.41 inches, 33.14 inches and 47.10 inches, 
respectively. In 1867 the precipitation was below the normal in 
each month with the exception of February, which was just normal, 
and of May, which was considerably above. In 1896, the variation 
in monthly amount was very great, some months, especially at the 
beginning and at the end of the year, having much less than the 
normal amount, while others had much more. The month of Decem- 
ber in that year, with a total of only 0. 16 inch, holds the record for 
least December precipitation, while the fall in September, 6 . 70 inches, 
has been exceeded but twice in that month. Only two months, 
April and July, received rainfall in this year approximating closely 
to the respective monthly normals, and yet the total for the year 
differed from the annual normal by only 0.14 inch. In 1858 the 
first two months were below the normal, and May, June, July, Sep- 
tember, October, and November considerably above. The amount 
in May, 7.80 inches, is the greatest precipitation in that month in 
either the old or the official records, while the amounts in June and 
July were also quite heavy. 

INFLUENCE OF EXPOSURE IN MEASUREMENT OF PRECIPITATION 

Reference has already been made to the effect of varying expo- 
sures of the rain gage upon the amount of precipitation registered 
(p. 152), and, unfortunately, the position of the official rain gage has 
been changed several times since the establishment of the Weather 
Bureau office. There are two periods of approximately 15 years 
each, when the office occupied the Major Block and the Auditorium 
Tower, and two much shorter periods, one at the Chicago Opera 
House Building and the present at the Federal Building. Experience 
and careful record have shown that, where suitable ground exposure 
is not to be had, the best position for the rain gage is on a large flat 
roof, as far from the edge and any projections or openings as possible. 
Such an exposure was that at the Major Block, and it was as good as 
could be secured in the business section of a large city. The present 
position of the rain gage on the north roof of the Federal Building is 
also well suited to the purpose, and it compares favorably with that 
at the Major Block. The character of the exposure at the Chicago 
Opera House Building, so far as the location of surrounding objects 
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likely to interfere with the fall of rain is concerned, is not apparent 
from the available records, but that on the top of the Auditorium 
Tower was most unsatisfactory. Here the gage was located upon 
the west parapet of the main tower, and near the inner edge. A short 
distance to the east within the parapet the smaller tower of the build- 
ing extended upward for about 25 feet above the top of the gage. In 
such a place the catch of the instrument was much affected at times 
by swirls and eddies of wind which carried the rain or snow either 
upward or horizontally across the opening, and did not permit the 
whole amount to fall inside. Such swirls and eddies were there 
common to winds from all directions if the velocity was more than 
a few miles an hour; and as many of our heaviest rains and snows 
occur with winds of more than average velocity, it will readily be 
seen that the effect of the location was to reduce materially the catch 
of the gage. 

The monthly and armual amounts for the periods of exposure 
at the various locations from 1873 to 1910 are shown in Table LXIX. 
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Fig. 35 gives the same data, and the variations are brought out more 
clearly by the illustration. Special attention should be paid to the 
representation of the aver!^;e annual precipitation at the right side 
of the figure. These records are for entirely different periods of 
time, nor are there any synchronous observations by which the falls 
at the various locations can be strictly compared with each other. 
Yet, while a casual inspection of the graph would seem to show that 
Chicago's precipitation has changed greatly in amount during the 
period of official record, a knowledge of the character of the expo- 
sures of the rain gages at the Major Block, the Auditorium Tower, 
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and the Federal Building leads to the opinion that such b not the 
case, but that the differences are due in most part to the influence of 
the surrounding objects and conditions. The record atrthe Chicf^o 
Opera House Building is too short to permit judgment in its par- 
ticular case, the very large variation in the monthly amounts indi- 
cating this fact clearly, but the effect of the poor conditions at the 
Auditorium Tower cannot be questioned. It is not possible to 




Fio. 35. — Monthly and annual precipitation i 
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determine the exact amount of this influence, however, as there was 
without doubt some natural variation in the years of this period due 
to actual conditions of precipitation. The average annual precipi- 
tation there is below normal, and the yearly amounts are generally 
considerably below, while the data for the Federal Building show an 
average above normal, with annual amounts all above 30 inches, 
except in the years 1910, 1912, and 1913. The record for the Major 
Block is even higher than that at the Federal Building. We must 
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therefore conclude that while the precipitation varies somewhat 
from year to year, it is not growing permanently leas than it has 
been in former years. 



1, Northern IlliTiois. — Everyone knows how the amount of pre- 
cipitation in individual storms will differ throughout a wide range 
from one place to another comparatively close by, and occasionally 
r^n or snow occurs in one portion of the city and not in another. 



TABLE LXX 

rD AhHUATh PiKlRTATUMf 1H Incbh nn Selxctcd Btattonh in N 
VAHtnra Ndhbd or Yubb. wtou Tin or OnHimi tu Dimu 
(Cliiafs noord bt^DiuDi with ISTI) 




1. 91 1.78 !.T! 2.7? 

In the long run, however, the amounts for the year will averse up 
to nearly the same values over large areas, the different portions of 
which are similarly located with respect to the rain-bearing winds. 
We find the mean annual temperature of Chicago to be about the 
same as that of northern Illinois (p. 53), and Table LXX presents' 
the monthly and annual precipitation data for the same region, the 
mean annual value being 34.04 inches, only 0.52 inch greater than 
that of the city for the 40-year period shown. It is therefore appar- 
ent that Chicago receives practically the same amount of precipi- 
tation, distributed in about the same proportions throughout the 
year, as does the fertile prairie region surrounding. 
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2, Other portiojts of the United States. — ^While the annual pre- 
cipitation in northern Illinois varies but little, there is a very great 
difference in the amounts received throughout various other portions 
of the country, as shown on Plate IX. As a rule, the precipitation 
diminishes from the Atlantic coast westward to the Rocky Moun- 
t^ns and Plateau region, and from the Gulf coast northward through 
the Mississippi Valley, but in the Far West the precipitation is very 
little in the southern portion of the Pacific coast region, increasing 
steadily northward. The heaviest precipitation received in any 
section of the country is that which falls on the north Pacific coast, 
and there is a great difference to be noted in the amounts in the 

TABLE Lxn 

ioRTHLT ini Amnru. PucipmiTOH th Incbh fob IS Selktu Cmn or rai llNmo StiTW. tor i Vimin 

NmiB DP YuB. noH Tun or Omnm tub Dimun Sunoin n 1(10, iHCLOun 

(ChicagD nnord bcciniuDA with 1^71) 

(Bee Fig. m 



DmYB. Colo! '. 
ElPw>,Tn.... 



CUeua, lU 

Now OrUu. La. . 

Northfield. VI 

NewYKk. N.Y... 
JukioDirille, FU. . 



various sections of the mountain districts. Chicago's position as 
regards |H'ecipttation is most advantageoi^, its averse of from 33 to 
34 inches annually being ample for all purposes and activities suited 
to its latitude and temperature; whereas, much of the arid and semi- 
arid region between the eastern slope of the Rockies and the western 
coast ranges receives an average of less than 18 inches, and irrigation 
b necessary in order to bring crops to maturity. 

In Table LXXI is given the average monthly and annual pre- 
cipitation for 15 cities including Chicago, arranged roughly accord- 
ing to their positions in latitude and longitude, and these mean valuee 
are shown graphically in Fig. 36. The largest amounts of precipi- 
tation in the places east of the Rockies occur in the warm months of 
the year, while on the Pacific coast they occur chiefly in the winter 
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time, and are so pronounced as to divide the year into two distinct 
seasons, one rainy and the other dry. The smallest amount of 
annual precipitation at any Weather Bureau station is 3.47 inches 
at Yuma, Ariz., and while the greatest shown in the table and graph 
is 57.55 inches at New Orleans, La., the amounts increase so rapidly 
in going northward on the Pacific coast that at the northernmost 
station, Neah Bay, Wash., the measurement averages more than 100 
inches annually. 

FREQUENCY OP PRECIPITATION, ANNUAL AND MONTHLY 

As the amount of precipitation increases gradually from a winter 
minimum to a maximum in the summer season (p. 157), it might be 
judged from this that rain or snow occurs least frequently during 
the period of low temperatures from December to February. A day 
with precipitation, in the usage of the Weather Bureau, is one on 
which a measurable amount of rain, melted snow, sleet, etc., falls; 
that is, a day with 0.01 inch or more. The number of such days in 
Chicago for each month and year is set forth in Table LXXII, and 
the annual occurrence is shown in Fig. 37. From the table it will be 
seen that the frequency varies from month to month, and from year 
to year, as is the case with the amount of precipitation; yet, while 
the average amounts show a decided increase in the summer time 
(Fig. 32), the average frequency shows an appreciable falling ofif 
during that period. This is indicated by the line of mean frequency 
in Fig. 38, drawn from the averages at the bottom of the table. 
There is, of course, no fixed relation between the frequency of pre- 
cipitation and its amount; but, nevertheless, the average fall on a 
rainy day in summer is nearly 75 per cent more than it is on a day 
of storm in the winter time. March, with an average of 11.9 days 
of precipitation, the greatest of any month in the year, has a mean 
precipitation of 2.51 inches, which gives 0.21 inch for each rainy 
day; in August, which has the least frequency, with an. average of 
only 8.6 rainy days, the mean precipitation of 3.10 inches gives 
0.36 inch for each. December and January have nearly the same 
frequency as May, 11.5, 11.3, and 11.6 days, respectively, although 
the amounts recorded in winter with its frequent light snow flurries 
are much less than in the spring month. February should be included 
with December and January in this comparison, because, as a matter 
of fact, its frequency of precipitation is somewhat greater than either 
of the two, although it appears in the table as only 10. 7 days. Feb- 
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ruary, however, has only 28 days in which these 10.7 days of pre- 
cipitation occur, and if reduced to the baaia of 31 days, the length of 
the other winter months, the frequency becomes 11.8 days, second 
only to the record of March. It is therefore apparent that the time 
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of greatest frequency is the late winter and early spring, while that 
of least frequency is that of late summer and early fall. 

The average annual frequency is 125 days, or about one day in 
every three, but the actual number has varied greatly during the 
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period of record. The largest number of days on which measurable 
precipitation has occurred in any year was 166 in 1878, one of the 
wettest years of the entire series and also the warmest up to 1911. 
The least number occurred in 1895 and 1910, when there were only 
106 days of precipitation in each year, the former with 32.38 inches, 
being nearly normal in amount, and the latter with 26.86 inches, 
extremely dry. The year 1896 was colder than the normal, and 1910 
was warmer. A comparison of the annual frequencies of precipi- 
tation and the annual amounts as shown in Tables LXV and LXXII 
with the accumulated departures in temperature (p. 16, Table III) 




Fig. 37.— Variations 
cipitalion. 1871-1910, 



the annual frequency of days with appreciable pre- 
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shows no relation that can be determined definitely between the 
temperature and the occurrence and the amount of precipitation, 
both warm and cold years indicating a wide variation in each respect. 
When precipitation of less than 0.01 inch occurs the amount b 
officially designated "trace," and the average number for the year 
is 44, distributed as appears in Auxiliary Table E. 

AUXILIARY TABLE E 
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The greater number of such days is in the colder season, and the fall 
is usually in the form of snow flurries. This is because the amount 
of water vapor in saturated air is much less during times of low 
temperatures, and consequently not nearly so much cooling is neces- 
sary in order to start condensation. In March, 1899, there were 14 
days recorded on which only a "trace" occurred, and in November, 
1887, there were 12 days. Usually, however, the occurrence is much 
nearer the averages shown, although in several instances 10 or 11 
days were recorded. 

Table LXXIII and Fig. 39 give data on the annual and monthly 
occurrence of precipitation for the same cities given in Table LXXI 
and Fig. 36, and a comparison of the two sets will indicate at a 
glance the general relation between the frequency of precipitation 
and the amount of depth for the various sections represented. 

WET SPELLS 

While the summer rainfall is on the average the heaviest of that 
of any portion of the year, there is no recurring period which can be 
called a wet season, such as is experienced in the winter on the Pacific 
coast (p. 165). However, there occur at times in all months periods 
in which precipitation is recorded on several successive days, and 
other periods of greater or lesser extent in which precipitation falls 
in extraordinarily heavy amounts.. 

Table LXXIV contains the greatest number of consecutive dajrs 
in each month with precipitation of 0.01 inch or more, and Table 
LXXV contains the longest continuous periods with precipitation 
of "trace" or more on each day. In the first case the average is 
about 4 days each month during the winter and spring, and about 
3 days each month during the summer and autumn. The longest 
period on record is 11 days, from August 24 to September 3, inclu- 
sive,4n 1880, and this period is included in that of 17 dajrs, given in 
the second table, extending to September 9. There were no heavy 
rainfalls on any day during this time, however, and the total amount 
for the 17 days was but 3.72 inches. The next longest wet period 
is one of 10 days, from June 11 to 20, 1876, and the only heavy fall 
in this time occurred on the 16th — 1 . 87 inches. The longest period 
on which a "trace" or more was recorded (Table LXXV) is 18 days, 
from January 17 to February 3, 1904, and the precipitation was 
nearly all in the form of rain. It was light for the most part, except 
on January 20, when 1 . 05 inches fell. There are three such periods 
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of 16 days each, in February, 1898, March, 1906, and January, 1907, 
respectively, and although they are considerably longer than the 
average, they were not marked by heavy precipitation at any time. 
The average length of the longest period each year with a fall of 0.01 




inch or more is 6 consecutive days; that with a fall of "trace" or 
more, 10 consecutive days. 

The amount of precipitation during a wet spell is of quite as 
much importance as the duration of the fall. The two previous 
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tables give simply the longest periods each month and year of con- 
secutive days of precipitation, and in many instances these periods 
cannot properly be regarded as wet spells. Table LXXVI, however, 
includes all periods of 10 consecutive days or less in which the amount 
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of precipitation equaled or exceeded the average for the month in 
which it occiured, or was proportional to it in loiter periods, and indi- 
cates the limiting dates and the amount which fell during the time. 
These wet spells are confined to no particular season or month. 
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TABLE LXXVI— Conhnuerf 



Year 


Jan. Feb. 
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1 
Mar. 1 April 
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1 
May June July Aug. j Sept. 1 Oct. 

1 1 1 


Nov. 


Dec. 


Number 
of Wet 
Spells 
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' 




1905 








! 


f 13 1 
4 

[3.85 


1 


l| , 






1900 










i 1 ' 1 1 

1 1 


1 


1907 


f 19 ) 

9 
2.47 


i 


•■"■j 1 i j 




1908 







1 


1 
1 


17 1 

7 

5.83 

15 

5 

4.80 


1 , 
,i 


1 

1 

! 




1909 




' ! 







! 


1 

.1 1 


f 13 ) 
10 


3 


1910 


f 21 1 

10 
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Table LXXVI inchidee all periods of 10 consecutive days or less in which the amount of precifntation 
equaled or exceeded the average for that month, or was proportional to it in longer periods. The first figure 
indicates the last day of the wet spell, the second indicates the duration in days, and the third figure indicates 
the total amount of prediutation in inches. 

They have not, however, occurred in every year of the record, and 
the table shows a much smaller number, relatively, during the years 
in which the measurements were made at the Chicago Opera House 
Building and the Auditorium Tower (p. 152). The most pronounced 
wet spell was that of 10 days* duration, from June 17 to 26, 1892, in 
which a total rainfall of 8.39 inches occurred. Other remarkable 
periods of the kind were those of September 3-10, 1894, with a total 
fall of 7.32 inches, arid of August 2-3, 1885, with 6.36 inches. 
Later in this same August 3.93 inches fell within 3 successive days, 
and the total precipitation of the month, 11 . 28 inches, is the greatest 
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monthly fall on record for the city. As a result of these August 
rainfalls innumerable basements were flooded and the capacity of the 
sewers overtaxed, the condition resulting in the first agitation for 
the building of the Drainage Canal. In December, 1895, occurred 
a period of 9 days' precipitation, all in the form of rain, totaling 
6.15 inches. In August, 1908, there was a period of 7 days with 
a total precipitation of 5.83 inches, and of this amount 2.31 inches 
fell on the 11th, 2.03 inches on the 12th, and 1 . 23 inches on the 15th. 



ANNUAL NUMBER OF DAYS WITH PRECIPITATION OF STATED AMOUNTS 

The annual number of days with precipitation of "trace" or 
more and of 0.01 inch or more has already been given. The latter 
data are repeated in Table LXXVII, which gives in addition the 

TABLE LXXVII 
Ankual Numbkb or Datb with PKScmrATioN or Stated Amouiitb, 1871-1013 



Year 



1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 



14 
3 
7 
12 
12 
17 
20 
9 
24 
36 
35 
42 
28 
29 
52 
53 
78 
42 
45 
38 
47 
41 
48 
51 



0.01 


0.04 


0.25 


Inch 


Inch 


Inch 


or 


or 


or 


More 


More 


More 


95t 


81 


37 


108 


71 


36 


134 


101 


42 


113 


84 


34 


147 


106 


40 


136 


98 


41 


128 


99 


57 


166 


115 


47 


117 


91 


30 


144 


107 


53 


137 


110 


53 


150 


107 


48 


139 


105 


49 


135 


107 


39 


141 


94 


41 


124 


91 


33 


118 


88 


43 


124 


91 


34 


117 


87 


41 


136 


101 


44 


118 


81 


28 


141 


104 


46 


122 


91 


37 


107 

1 


79 


37 



10 
4 
8 
5 
8 
9 
7 
9 
8 
6 
10 
10 
10 
6 
9 
3 
5 
5 
8 
6 
5 
4 
3 
4 



Year 



1895.. 
1896.. 
1897. . 
1898.. 
1899.. 
1900.. 
1901.. 
1902.. 
1903.. 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
1909.. 
1910.. 
191P. 
1912*. 
1913*. 



Mean. 



Leas 


0.01 


0.04 


0.25 


than 


Inch 


Inch 


Inch 


0.01 


or 


or 


or 


Inch 


More 


More 


More 


45 


106 


79 


37 


60 


114 


89 


41 


49 


125 


92 


36 


56 


133 


108 


40 


72 


110 


84 


32 


57 


116 


95 


42 


65 


114 


80 


30 


62 


133 


103 


47 


76 


116 


87 


39 


69 


123 


90 


29 


56 


126 


96 


40 


54 


122 


91 


34 


58 


127 


98 


48 


50 


109 


88 


41 


60 


128 


100 


49 


57 


106 


83 


35 


52 


144 


111 


46 


63 


110 


85 


34 


58 


120 


80 


30 


43.2 


125.1 


93.8 


40.2' 


78 


166 


115 


57 
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106 


71 


28 



1.00 

Inch 

or 

More 

7 
8 
3 
6 
2 
4 
4 
8 
4 
5 
5 
9 
8 
9 
8 
4 
4 
6 
9 

6.4 



10 
2 



* Not included in means, 
t For 11 months. 

number of days in each year with precipitation of . 04 inch or more, 
0.25 inch or more, and of 1.00 inch or more, and also the number of 
days with less than 0.01 inch precipitation. In the matter of 
** traces,** from the small number recorded in the early years of the 
record it will be apparent that as close attention to very light showers 
and snow flurries was not given by the observers as is the case in the 
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present day. The numbers vary greatly from year to year, but the 
average annual occurrences, beginning with the smallest amount, 
are 43.2, 125.1, 93.8, 40.2, and 6.4 days, respectively. With the 
exception of the first of these means, each includes the occurrence 
of all the classes following, but the individual averages can be secured 
by taking the difference between any mean and that immediately 
following; and the results are given in Auxiliary Table F. 

AUXIUARY TABLE F 

Amuoc NuMBU or Days with PKScmrATioN or Cutain Amouhtb 

Amount in Inches No. Days 

"Trace" 43 .2 

0.01 to 0.03 inch 31.3 

0.04 to 0.24 inch 53.6 

0.26 to 0.99 inch 33.8 

1.00 inch or over 6.4 

From these figures it is apparent that precipitation of 0.04 to 0.24 
inch occurs more frequently than that of any other class, while 
amounts so light as to be unmeasureable are next in order of occur- 
rence. In no year of the record have there been less than 106 days 
of appreciable precipitation; nor have there been more than 10 days 
with 1.00 inch or more, although this number was recorded in three 
successive years, 1881, 1882, and 1883, the wettest 3-year period 
since the official observations began. 

EXCESSIVE PRECIPITATION 

In many kinds of building, street, sewer, and dredging work 
information as to the greatest amounts of precipitation that have 
occurred in short spaces of time is of prime importancq. Tables 
containing such data for Chicago have been prepared so far as pos- 
sible. The records of excessive precipitation in earlier years, how- 
ever, are in many cases either fragmentary or wanting altogether, 
and it was not until after the installation of the automatic recorders 
in 1897 that more complete data became available. Excessive pre- 
cipitation is distinguished in several different ways, and the various 
classes are discussed in the following paragraphs. 

1. Precipitation of 1 inch or more an hour, — Table LXXVIII 
gives the dates of rainfall when the amounts reached or exceeded 
1 inch an hour, the total fall and the time being entered in each case. 
While the record covers the period from 1871 to 1913, inclusive, it is 
obviously incomplete. In the earliest days the observers were 
Required to note such occurrences, but in the absence of automatic 
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registers, the record for a single hour csonot be depended upon unless 
the total fall of the storm happened within that time. Some excep- 
tionally heavy rainfalls will be seen in the tabulation, among the 
most pronounced of which are those of June 23, 1871, 2. 13 inches in 
1 hour; May 25, 1896, 1.24 inches in 15 minutes; July 27, 188b, 
1 . 18 inches in 54 minutes; May 11, 1905, 1 . 12 inches in 26 minutes ; 
August 5, 1905, 1 . 18 Inches in 23 minutes. 

TABLE LXXVm 
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2. Precipitation of $.50 inches or more in twenly-four amaeculive 
hours. — Table LXXIX gives the dates of precipitation when the 
amounts equaled or exceeded 2.50 inches in twenty-four consecu- 
tive hours covering the period from 1871 to 1913, inclusive. The 
heaviest rainfall in this record is that of August 2-3, 1885, when 
6.19 inches fell within a space of twenty-four hours, 6.36 inches 
falling in the entire storm (p. 176) . Probably the heaviest rainfall on 
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record in proportion to the actual time of occurrence was that of 
July 27, 1889, when the 4.02 inches shown fell in 3 hours and 34 
minutes, 1.18 inches of this amount falling in 54 minutes, as given 
in the preceding table. 

3. Greatest precipitation in twenty-four consecutive hours, monthly 
and yearly. — The table discussed in the paragraph immediately 
-above gives only the instances in which the rate of precipitation 
reached or passed 2.50 inches in any twenty-four hours. Table 

TABLE LXXIX 

EXCIBBITK PSICIPITATION— 2.50 IlfCHIS OB MOBJI IN TwSNTT-rOUR H0UB8, 1871-1913 



January 
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March 


AntiL 


Yev 


AjDUNint 


Date 


Year 


Amount 


Date 


Year 


Amount 


Date 


Year 


Amount 


Date 














1884... 


3.26 


2^26 


1909... 


2 75 


29 



Mat 


Jdnr 


July 


August 


Year 


Amount 


Date 


Year 


Amount 


Date 


Year 


Amount 


Date 


Year 


Amount 


Date 


1873.... 


2.82 


1-2 


1871... 


2.57 


22-23 


1878... 


4.14 


25-26 


1885... 


6.19 


2-3 


1879... 


2.52 


25 


1877... 


2.65 


25-26 


1879... 


3.25 


6-7 


1895... 


3.65 


23-24 


1890. ... 


2.60 


9-10 


1881... 


2.57 


6-7 


1889... 


4.02 


27 


1908... 


4 34 


11-12 


1905. . . . 


2.78 


11 


1885... 
1892... 
1898... 


3.44 
3.11 
2.50 


2-3 

23-24 

25 


1906... 


2.91 


28 


1909... 


3 52 


14-15 



Skptbubrr 


OCTOBBR 


NOVBMBBR 


Dkcembkr 


Year 


Amount 


Date 


Year 


Amount 


Date 


Year 


Amount 


Date 


Year 


Amount 


Date 


1872... 
1875... 
1894 ... 
1906. ... 


2.70 
3.44 
3.35 
2.73 


28-29 
9 

3-4 
2»-29 


1877... 


2.55 


19-20 


1881... 
1883... 


3.35 
3.39 


11-12 
6-6 


1871... 
1895... 


2.50 
12 66 

\2.51 


23 
1^19 
19-20 



Table LXXIX contains the dates on which juecipitation equaled or exceeded 2.50 inches in any twenty- 
four consecutive hours, giving the amount in each instance, from 1871 to 1913. 

LXXX shows the greatest 24-hour falls for each month and year of 
the official record, and it will be apparent that in the majority of 
cases the largest amounts occurring in twenty-four hours for the 
various months are less than 1.00 inch. There is, however, a con- 
siderable number of from 1.00 inch to 2.50 inches, but over the 
latter limit occurrences are comparatively few, and are confined for 
the most part to the late spring and summer period, when thunder- 
storms are at their greatest frequency. Fig. 40 shows the greatest 
24-hour falls for each year of the official period to 1910. 
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4. Maxirmim precipitation in short periods. — Table LXXXI con- 
tains the maximum amount of precipitation occuirii^ in any 5-, 10-, 
15-, and 30-minute period, and in any 1- and 2-hour period, for each 
month from 1903 to 1911, inclusive, during the time when the auto- 
matic gage can be secured from freezing conditions. There is a great 
variation in the entries of any one period, but the heaviest rates for 
each are as follows: 5 minutes, 0.64 inch, July 15, 1906; 10 minutes, 
0.89 inch, on the same day; 15 minutes, 1.02 inch, August 23, 1910; 
30 minutes, 1.34 Inch, on the same day; 1 hour, 1.66 inch, on the 
same day (Table LXXVIII gives two heavier amounts within 1 hour, 
on June 19 and 23, 1871); 2 hours, 1.99 mch, August 11, 1908. 




FiQ. 40. — Heavieet precipitation i 
1871-1910 (see Table LXXX). 



any twenty-four conaecutive hours. 



5. Accumulated amounts of excessive rains. — Table LXXXII 
gives in detail the accumulated amounts for successive periods of all 
storms in which the rate of fall was excessive, as determined by the 
limits established by the Weather Bureau, occurring during the 
exposure of the recording rain gage. Precipitation is called excessive 
if 0.25 inch occurs within 5 minutes, increasing at the rate of 0.05 
inch for each period above the first, and can be determined for any 
period up to one hour, in steps of five minutes each, by simply adding 
20 to the number of minutes. Thus, the rate at which precipitation 
becomes excessive is: for 10 minutes, 0.30 inch; for 35 minutes, 
0.55 inch; for 60 minutes, 0.80 inch. Precipitation at the rate of 
2.50 inches in twenty-four hours is also designated excessive. 

Table LXXXIII summarizes the data on accumulated amounts 
of excessive rainfall, giving the averages of the amounts and the 
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greatest falls for the various periods in each month. From the grand 
averages it will be seen that, ordinarily, excessive precipitation con- 
tinues for a period of about 26 minutes, in a total fall of about 2 hours 
and 50 minutes in length and of about 0.94 inch in amount. At the 
rate of the tabulated averages, about . 69 inch of the total fall occurs 
during the 26 minutes of excessive precipitation. 

DURATION OF PRECIPITATION 

The question. How long does the average rainstorm or snowstorm 
last ? would probably bring as many different estimates as there were 
individuals attempting the answer, and the reply of each would be 
based entirely upon vague recollection of his own experiences. In 
order to determine the average length of time in which precipitation 
falls continuously in the rainstorms, snowstorms and mixed storms 
at Chicago, the records for 20 years, from 1891 to 1910, inclusive, 
were examined, and the intervals for the storms of each class calcu- 
'lated and the results averaged. Table LXXXIV gives a summary of 
this work. This table does not include all storms which occurred 
during the period, as beginnings and endings in the night have not 
always been entered in the records, because of the difficulty in deter- 
mining the exact time. It is believed, however, that a sufficient 
number was found to secure a fairly accurate average length. The 
average duration of the snowstorm, 7 . 5 hours, is considerably longer 
than that of the rainstorm, 3 . 9 hours, while mixed storms of rain, 
snow, sleet, etc., 7 . 3 hours, continue almost as long as do snowstorms. 
This might be expected, as such storms occur chiefly in the colder 
seasons. The average duration of the storms of all classes combined 
is 4.9 hours. 

The rainstorm of December, 6.9 hours, the mixed storm of 
February, 16.1 hours, and the snowstorm of March, 8.9 hours, are 
on the average the longest of their respective classes. May shows 
in the table 11.7 hours for snowstorms, but as only two such storms 
x^nth an appreciable fall have occurred in May in Chicago during the 
past 40 years, the result is an accident rather than an average, and 
cannot be used in comparison. On the whole, it will be seen that the 
storms of November to March, inclusive, are much longer than those 
of the remaining months of the year, and as the frequency of occur- 
rence is also greater during this time (p. 168), it is apparent that the 
summer and early autumn months constitute a period when fair 
weather predominates decidedly, notwithstanding the fact that the 
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amount of precipitation is then greater than it is during the winter. 
In individual records, January shows a rainstorm lasting 54 . 5 hours, 
while the longest record for July is 17.2 hours. Snowstorms of 
between 35 and 40 hours have occurred in January, February, and 
March, and a mixed storm of 71.7 hours in length occurred in Feb- 
ruary. The mixed storms of the winter are really the longest of any 
kind or season, as they usually occur in connection with widespread 
disturbances which give during their passage sleet and rain on the 
eastern side, turning to snow as the center of the area passes the 
point of observation. 

Out of the total number of storms recorded in the table, 738, or 
about 25 per cent, lasted less than 1 hour, and 276, or about 10 per 
cent, lasted more than 12 hours; of the rainstorms, 673, or about 
33 per cent, lasted less than 1 hour, and 125, or about 6 per cent, 
more than 12 hours; of the snowstorms, 45, or about 10 per cent, 
lasted less than 1 hour, and 96, or about 20 per cent, more than 
12 hours; of mixed storms, 20, or about 10 per cent, lasted less than 
1 hour, and 55, or about 25 per cent, more than 12 hours. It is 
apparent, therefore, that the average duration of both snowstorms 
and mixed storms is considerably greater than that of rainstorms. 

RAINSTORMS AND SNOWSTORMS OP LONG DURATION 

It quite often happens that during the passage of a general dis- 
turbance across the region in which Chicago is situated there occur 
a number of separate falls of rain or snow which must, nevertheless, 
be considered as a part of the whole storm, and they usually happen 
with only short intervals of time between. ' Table LXXXV contains 
a list of such rainstorms and snowstorms from 1881 to 1910. The 
dates and duration in days of the various disturbances are given, 
together with the number of hours of actual precipitation, excluding 
any intervals between the periods of fall. The data in the table are 
entirely apart from those previously given on wet spells and exces- 
sive precipitation, although in some cases the same dates will be 
found in all sets. In Table LXXXV the precipitation fell without 
interruption of more than an hour or two, while in the table of con- 
secutive days with precipitation (p. 173, Table LXXIV), the interval 
may have been more than twenty-four hours. For instance, if rain 
on one day ended before noon, and on the following day began again 
after noon, both days would be included in a series of consecutive 
days with rainfall, and yet the precipitation recorded might be in 
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connection with two separate storms following closely the one after 
the other. Again, the amount of precipitation has no relation to 
the length of the entire storm, and the period, however long, is not 
necessarily one with excessive precipitation, or a wet spell, as the 

TABLE LXXXV 
Examples op Rjlinbtoriu akd Snowstobmb op Lono Duration, 1881-1910 







Hours of 
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! 




Hours of 




Year 


Period 


Actual 

Predpi- 

tatioQ 


Amount 
Inches 


' Year 

! 


Period 


Actual 
Precipi- 
tation 


Amount 
Inches 


1881 


October 16-18 


47 


0.96 


i 1893... 


April l»-22 


84 


0.56 




December 19-22 


68 


1.44 


i 1895... 


December 18-21 


76 


5.48 


1882 


April »-ll 
Mfty 11-13 


42 


1.49 


1 1897.... 


January 1-5 


78 


2.49 




41 


0.76 


1899... 


October 26-28 


58 


1.60 




August 3(K-September 1 


37 


0.32 


1900. ... 


January 17-19 


53 


0.90 




December 11^21 


47 


1.20 




March 2^30 


39 


0.51 


1883 


JaDUftrv 16-17 
December 5-7 


46 


0.64 , 


1901 ... . 


March 13-15 


63 


0.26 


1884 


34 


0.97 1 


• 


March 20-21 


34 


0.33 


1886 


September 7-10 


62 


1.91 < 




December 3-5 


42 


0.12 




December 12-14 


42 


0.88 


1902... 


February 27-March 2 


78 


1.11 


1886 


March 30-April 1 


46 


0.78 


1905... 


April 25-27 


40 


0.55 




November 16-18 


44 


0.85 


1906... 


February 4-6 


50 


0.20 


1887 


February 6-7 


43 


0.86 


1910.... 


January 12-14 


54 


1.30 




December 1^11 


60 


1.12 ! 

1 











Table LXXXV contains some examples of rainstorms and snowstorms of long duration. 

term is used in Table LXXVI. The long period of 84 hours in 
April, 1893, was of only light precipitation, the total amount being 
but 0.56 inch; while in the period of 76 hours in December, 1895, 
the amount for the storm was 5 . 48 inches. 



PERIODS OP DROUTH 

In Tables LXXXVI and LXXXVII are listed all periods of 15 
days or more in which an inappreciable amount of rain — that is, less 
than 0.01 inch — ^and in which no rain at all fell, respectively. The 
longest period without precipitation of any kind covered the first 
three weeks of February, 1877, and was 21 days in length. During 
the remainder of that month only 0.06 inch fell, which makes it the 
driest month in the history of Chicago's weather. Only 8 other 
periods of 15 days or more without precipitation have occurred since 
the beginning of the official observations, while there have been only 
26 periods of 15 days or more altogether in which not more than a 
"trace" of precipitation occurred. The longest and one of the 
second longest of these, however, fell close together in the summer of 
1893, during the time of the Columbian Exposition in Chicago, in one 
of the most remarkable periods of drouth for this locality. From 
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July 17 to August 10 of that year, a period of 25 da3rs, only an un- 
measurably small amount of rain fell, and the same was true of the 
26 days following from August 17 to September 11. Between these 
two periods 0. 18 inch occurred, 0.02 inch on the 11th and 0. 16 inch 
on the 16th, this amount being the total precipitation for that August. 

TABLE LXXXVI 
PssioDA OP DmouTH, 1871-1913 



D^yi 


Time 


Year 


Jhyn 


Tmie 


Year 


26 


August 17-8e|>tember 11 
July 17-Aujni8t 10 
August 13-8eptember 6 
Deoember 15. 1899-January 8 
Judo 26^uly 19 
October 7-29 
March 29-April 19 
October 16-November 5 
Deoember 30. 1901-Juiuary 19 
October 18-November 6 
July 21-Augurt 9 
September 21-October 10 
October 12-31 


1893 
1893 
1899 
1900 
1898 
1872 
1887 
1895 
1902 
1891 
1894 
1897 
1897 


20 


February 26-Maroh 18 
Deoember 21. 1897-January 8 
August 14-31 
August 2»-8eptember 15 
November 3-19 
September 22-Oetober 9 
September 28-October 13 
October 24-November 8 
October 27-NoTember 11 
November 14-29 
February i-19 
June 21-July 6 
February 1-15 


1910 


25 


19 


1898 


25 


18 


1879 


25 


18 


1897 


24 


17 


1907 


23 


17 


1909 


22 


16 


1886 


21 


16 


1887 


21 


16 


1893 


20 


16 


1894 


20 


16 


1910 


20 


16 


1912 


20 


15 


1913 









Table LXXXVI contains a list of dry periods of 15 days or more at Chicago, from 1871 to 1913, in which 
only a trace of rain fell, arranged in order of length. 

From the beginning date of this dry spell on July 17 to September 
12, on which day 0.03 inch occurred, a period of 58 da3rs, the total 
precipitation was but 0.21 inch, and the time is the most prolonged 
period of drouth ever experienced in Chicago. Moreover, the rain 
which fell on September 13 was light, being only 0.22 inch, and it 

TABLE LXXXVII 
Pksioda op Dbouth, 1871-1913 



Days Time 


Year 


D^ 


Time 


Year 


21 


February 1-21 
October 12-30 
July 22-August 8 
February 4-19 
October 1-16 


1877 
1897 
1908 
1873 
1896 


16 


May 15-30 

August 7-September 1 
August 31-8eptember 14 
October 7-21 


1881 


19 


16 


1889 


18 


15 


1871 


16 


15 


1900 


16 











Table LXXXVII contains a list of dry periods of 15 days or more at Chicago, from 1871 to 1913, in iHiich 
no rain wAoJcter fell, arranged in order of length. 

was not until after the 17th that the situation was relieved by suffi- 
cient rainfall. Another period, almost as remarkable, was that of 
57 days, from November 6, 1872, to January 1, 1873, during which 
time the total fall was only 0.36 inch. These periods, together with 
all others of 2 weeks or more in which 0.10 inch or less occurred 
for each 2 weeks of time, are shown in Table LXXXVIIl, which 
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gives the limiting dates, the number of days of each dry spell and 
the amomit of precipitation, throughout the official period. Such 
periods are limited to no particular time of the year, but are most 
numerous in the late summer and autumn. Of the number listed 
in the table, 43 occurred or began during the first six months of the 
year, and the remainder, 78, during the last six months. No year 
has been entirely free from these periods of dryness, but there are a 
nimiber of instances in which none occurred during the growing 
season. The years 1894 and 1901 were marked by repeated spells, 
especially after July 1, there being 7 in each of these years. 
Both were dry years throughout, 1901 being the year of least pre- 
cipitation in the official record, and with the record-breaking tem- 
perature of 103° in July. A drouth period of more than ordinary 
interest to Chicagoans is that covering 22 days, from September 17 
to October 8, 1871, just prior to the Great Fire. But 0. 11 inch of 
rain fell during the 22 days mentioned, and, indeed, for more than 
two and a half months previous there had been comparatively httle 
rainfall; and it is undoubtedly because of the extreme dryness of the 
buildings, due to the drouth, that the fire spread so rapidly. The 
daily amounts of rainfall from July 1, 1871, to the time of the fire, 
are given separately in Table LXXXIX. 

TABLE LXXXIX 
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Table XC contains a statement of the number of periods of 10 
days or more, by months, from 1871 to 1910, inclusive, with pre- 
cipitation of less than 0.01 inch, the number totaling for the entire 
time 125, which would be an averse occurrence of about 3 for each 
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year. The average duration is 13 days, and the longest on record 
entirely within a month was 23 daya. The table was prepared 
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by months strictly, no overlapping dates being counted, and the 
data therefore cannot be compared with those of the preceding tables 
on this subject. 

PRBQUENCT OP PRECIPITATION, DAILY 

The number of times on each day of the year that precipitation 
of measurable amounts has occurred is shown in Table XCI, for the 
period 1871 to 1910, inclusive, the data furnishing in some measure 
the probability of occurrence on any particular date. Some notable 
irregularities are apparent, however. It can scarcely be considered 
strange that precipitation has occurred 24 times on March 19, inas- 
much as March is the month of greatest frequency (p. 168), and there 
are two other dates in March with records of more than 20 times; 
but that it should have occurred on March 13 but 8 times and on 
March 29 but 7 times, while the days before and after in both 
instances show at least twice the frequency, is remarkable. Other 
dates which show very few instances of precipitation are October 
21, with the lowest record of 5 times, July 15, August 7, 8, 31, Sep- 
tember 1, and December 15, with 6 times each. Scanning the table 
from the beginning to the end of the year, there appear to be short 
periods of from 3 to 5 days each on which the occurrence of precipi- 
tation is high, followed by similar intervals of low frequency, but 
there is not sufficient regularity to establish any rule of recurrence 
of either class. However, the table appears to furnish interesting 
and conclusive disproval of the belief, somewhat widely held, that 
storms are much more frequent during and immediately after the 
times of the equinoxes. The average occurrence on each date of the 
5-day intervals from March 21 to 25, and September 21 to 25, 13.6 



PRECIPITATION 199 

and 11.2, respectively, are in each case lower— and in March, con- 
siderably lower — than the average occurrence for the months in 
which the periods fall. On the other band, the 5-day intervals from 
the 8th to the 12th in each of these two months show average occur- 
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rences higher than those of the respective months; and in similar 
manner many other 5-day intervals throughout the year can be noted 
which have higher average occurrences than do the equinoctial 
periods. 

NORMAL PRECIPITATION, ANNUAL, MONTHLY, AND DAILT 

A table of mean daily precipitation for the 42 years of the official 
period would present irregularities even more pronounced than do 
the data in Table XCI. Such mean values for the city of Baltimore 
are given in the publications of the Maryland Weather Service, 
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Volume II, and the daily amouDte are very irregular. For instance, 
the mean daily precipitation for August 26, 27, and 28 is 0.15, 1.03, 
and 0.14 inch, respectively, and other instances of wide variation 
are shown. During a period of from 30 to 40 years heavy rains may 
have occcurred several times on certain dates, while on the days both 
before and after the rainfalls may have been few and the amounts 
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Ught. Even the monthly precipitation shows a great variation, and 
the annual amounts indicate an irregularity from year to year. Yet 
it b important to have some means by which comparisons may be 
made, not only with regard to the precipitation of years and months, 
but with regard to the daily falls, as well. For this purpose the 
Weather Bureau has used the records of daily rainfall and snowfall 
from 1871 to 1906, inclusive, in calculating and smoothing out the 
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daily normals of precipitation throughout the year, and these normals, 
together with the monthly and annual values, are given in Table 
XCII- In order that the daily means of precipitation should 
approach even more closely these smoothed-out normals, the period 
of observations would necessarily have to extend over a series of 
years of perhaps twenty times the length of the official record, and 
the reason for the more or less arbitrary values is therefore obvious. 



Tables XCIII, XCIV, and XCV have been prepared in order to 
illustrate the use of the d^y normals of precipitation in determining 
the departures throughout the year, from day to day, and from 
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month to month. The years 1909, 1910, and 19II, wet, dry, and 
nearly normal, respectively, in their total amounts, have been 
selected, as they are quite typical of their classes. The accumulated 
departures at the bottom of the table, just beneath the monthly 
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departures, carry the excess or deficiency forward in each instance, 
and the last in each table indicates the departure for the year 
illustrated. 

In the wet year 1909, February, April, June, August, September, 
November, and December have each an excess of precipitation, 
while the remaining months have a deficiency. The accumulated 
departures, however, show that, beginning with February, there 
was an excess throughout the remainder of the year, the amount at 
the end of December being above the normal by 9.94 inches. 
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In the dry year 1910, there was an excess of precipitation in 
January, April, May, August, and September, and in the remaining 
seven months a deficiency. Beginning with February the accumu- 
lated monthly departures indicate a deficiency which at the end of 
the year amounted to 6 . 42 inches. 

In 1911, the year which was nearly normal in total precipitation, 
there was a considerable deficiency throughout the first seven 
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months, although there was a slight excess for the months of 
February and April, while May was exactly normal. Beginning 

TABLE XCV 
Dailt Departure in Inchks or Prccipttation from Normal in a Nearly Normal Year, 1911 
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with August the precipitation was uniformly above the normal, so 
that by the end of the year the deficiency was made up, and the 
excess of 0.55 inch had been accumulated. 



HOURLY PRECIPITATION 

1. Mean hourly rainfall. — The mean hourly rainfall, by months, 
from April to October, inclusive, is shown in Table XCVI. The 
10-year period 1902-11 has been taken as a basis of calculation for 
the mean values given, as prior to 1902 the local hourly records were 
kept on Eastern Time, which differs an hour from the standard of 
time in use in Chicago. The cold months could not be included 
because automatic records of precipitation are not possible in freezing 
weather. These values from hour to hour are apparently as irregu- 
lar as the occurrence of precipitation from day to day (p. 198), and 
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the table, together with Fig. 41, will at least be intereating in indi- 
cating these irregularities. The heaviest rainfall is shown to occur 
at about 1 and 9 p.h. in July, at about 2 a.m. and 9 P.U. in September, 
and at about 6 p.h. in May. The hours on either side of these 
periods are also marked by precipitation somewhat above the aver- 
age, but it is probable that some of the heaviest records are affected 
by one or two heavy r^ns. However, while there appears to be no 
decided reason why greater rainfall occurs in some of the hours than 
in others, there is yet, in general, a relation to be seen between the 
times of greatest hourly rainfall and the times of occurrence of 
thunderstorms (p. 209). 




FiQ 41 — Average hourly precipitation 



Lvrt. ind the fcvencv deptba ia 



■ Willi lU ituidiiii (n> Tabb XCVI). 



2. Hourly frequency of precipitation. — ^There is a much greater 
regularity in the mean hourly frequency of precipitation than was 
found in the mean hourly amounts of rainfall in the preceding 
paragraph. Table XCVII shows the number of times that precipi- 
tation of any amount or character has occurred in the respective 
hours for the period 1902-11, inclusive. The data in this table, how- 
ever, are not strictly comparable, as the number of days differs from 
month to month, and the number of times in which precipitation is 
possible is less, therefore, in the shorter months of the year. Because 
of this fact, the values given have been reduced to the percentage 
basis, as shown in Table XCVIII, and the hourly frequency drawn 
in Fig. 42 from the latter values. This method affords proper means 
of comparison with regard to the monthly and annual percentages 
as well as to the hourly frequencies. Takii^ the day as a whole, the 
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greatest frequency b in the colder months, because the monthly fre- 
quency is also then greatest (p. 168). But in comparing similar hours 
of the day throughout the different months of the year, it is apparent 
that precipitation occurs most frequently in the middle of the day 
in winter, while in the warmer season not much difference is to be 
noted from one hour to another. In the former period the percent- 
age of frequency is from 20 to 28, which means that in January pre- 
cipitation occurs between 8 a.m. and 4 p.m. on one day in about every 
four. The highest percentage, 28, is at 9 a.m. in this month. The 
least hourly frequency is 4 per cent, at 11 a.m. in July, and the 3-hour 
period ending at this time has the least frequency of the year, rain 




Fio 42 — Hourly frequency of precipitation 
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occurring then on only one day in about sixteen. The frequency by 
hours gradually diminishes from January to July and August, and 
increases thereafter during the remainder of the year. The average 
hourly frequency for June, September, and October is 10 per cent, 
representing an occurrence of precipitation on one day in ten. The 
least is in July and August, when the percentage is 8, and the greatest 
is in January and February, 22 per cent. The annual hourly fre- 
quency is 14.3 per cent, giving an average occurrence for any hour 
of one in seven. In these data all precipitation has been included, 
whether more or less than . 01 inch in amount. A fall of . 01 inch 
may extend over five or six hours, or even many more, and yet in 
each hour the fall would be inappreciable. 
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SUMMARY OF PRECIPITATION DATA 

The main features of the precipitation data treated in the fore- 
going pages and tables have been collected in a single page. Table 
XCIX will therefore furnish a summary of the more important values 
for reference. 

THUNDERSTORMS 

/ Thunderstorms usually occur in the southeast quadrant of a 
general storm area, and are often attended by severe squalls and hail. 
Damage by lightning seldom or never occurs in the business district 
of Chicago, because the discharges are carried away quietly into the 
ground by the steel framework of the numerous skyscrapers. Dam- 
age does, however, occur sometimes in the residence sections, where 
the means of protection mentioned is wanting. Even there thunder- 
storms are rarely of the severest type, such as those which occur in the 
states of the Great Plains, and it is probable that the cool waters of 
the lake exercise a decided weakening influence upon the activity of 
these disturbances. 

1. AnvMal and monthly frequency. — ^Table C gives the number of 
days with thunderstorms each month and year from 1880 to 1913. 
The annual occurrence is graphically shown in Fig. 43, and the aver- 
age monthly frequency in Fig. 44. The average annual number of 
such days is 33, but the figures for the various years indicate a 
wide range, from 51 in 1904 to 18 in 1893, one of the longest and most 
pronounced summer drouths occurring in the latter year (p. 192). 
June is the month of greatest frequency, with an average occurrence 
of 6.3, but each month from May to August averages 5 or more. 
The frequency is, of course, least in the winter season, averaging less 
than 1 each month from November to February, with the lowest 
average 0.1 in December. While June is the month of greatest 
frequency, and several instances of the occurrence of 10 or more days 
will be noted in that period, the highest individual record is 14, in 
May, 1902 and 1912. Two thunderstorms occurred in January, 
1909, 1907, and 1906, and two in February, 1906, but in no other 
winter months have more than one been recorded. 

2. Hourly frequency, — Table CI and Fig. 46 show the average 
occurrence of thunderstorms by hours, based upon data from 1901 
to 1910, inclusive. It is apparent that by far the larger proportion 
of these storms happen during the latter half, or heated portion, of 
the day. A count of those recorded in the table gives 303 of the 
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total number of 438, or 68 per cent, as havii^ occurred in that period. 
It b evident from the graph that the afternoon is divided into two 
shorter periods of comparatively great frequency, from 1 to 5 p.m., 
and from 8 to 11 p.m., while the individual hours at which thunder- 
storms recur oftenest are 1 p.u. and 5 p.m. in July, when the average 

TABLE C 

Nuuu or Din utra l^nniBniiMMi Eica Maim im Yui, 1880-11113 

(Saa E^ U ud 44) 
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is 9 at each. Taking the year as a whole the time of greatest fre- 
quency is 9 to 11 P.U., and of the least, from 2 to 3 a.m. The ocur- 
rence of comparatively many thunderstorms at about 4 a.h. in May 
will be noted. This feature is remarlcable, and finds its explanation 
in the alternation of take and land breezes, already described at 
some length (p. 142), the night land breeze being at its height at that 
hour (p. 306), and with the rapidly increasing warmth of spring 
bringing about conditions favorable for the formation of thunder- 
storms. 
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Fia. 43. — Annual frequency of d&ys with thunderstorms from 1S80 to 1910 
(Bee Table 0). 



JFMAMJJASONO 




4. 




2 


_|L _|i_ 


o.uT Tl^ 



Fio. 44. — Average monthly frequency of days with thunderstorms, 11 
1910 (aee Table C). 
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As the thunderstorm is a relatively small, local disturbance 
within the area of a much larger, general storm, it occasionally hap- 
pens that when the latter moves across the country with less than 
the average velocity a succession of thunderstorms will occur within 
a space of several days at one place. A period of this character 
prevailed at Chicago on June 22, 23, and 24, 1892, during the meet- 
ii^ of the Democratic convention wbich nominated Cleveland for 
President. There were two thunderstorms on the 22d, one in the 
afternoon and the other in the evening continuing into the early 
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Fig. 45 sbovi the FnqucDcjr and timr dittributioD of UmodcntormB. bued upon ncordi of 438 
fmii 1001 lo 1310. The doll in iquun aha* number d( thundinloniii for thr houn not iochidiil la Iheilwdiiia. 
TIh tiMincst iliwluig ibom Uie time o[ ytw and hour of gnaUit TiKiueiiey (kc Table CI). 

morning of the 23d. A third quite heavy storm occurred on the 
afternoon of the 23d, and still another on the morning of the 24tb. 
All these storms were marked by heavy thunder, vivid lightning, 
excessive rainfall, and on the 22d and 23d by severe squalls. On 
the second day 1.60 inches of rain fell in 1 hour, from 4:10 to 
5:10 P.U., and 4.77 inches fell in the whole series of storms during 
the three days. 



Table CII gives the occurrence of hailstorms from 1887 to 1913, 
inclusive. When hail occurs it is usually in connection with thunder- 
storms. During the period of 27 years shown in the table, hail has 
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been noted 66 times. In 1897 the phenomenon occurred 7 times, 
while in three years, 1887, 1892, and 1913, it was absent altogether. 
It is most frequent in May, at the time of the most rapid change in 
temperature, and has occurred 16 times in that month during the period 
of record. The frequency of May is followed in order by June, with 
a total occurrence of 13, April with 11, and March with 10. It 

TABLE CII 
Fbbqusmct or Occurrxncb or Hail, 1887-1913 
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Total 
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10 


11 


16 


13 
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6 





2 
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66 



occurs much less frequently after warm weather has set in, July and 
August having 6 and 6 hailstorms, respectively, and is noted but 
rarely during the other portions of the year. It has never been 
observed in September, November, or January, and has occurred 
but once in December, once in February, and twice in October. 
Hail is entirely distinct from sleet, which falls often in the winter 
season. 

SNOW 

Previous to 1884 the Weather Bureau maintained no distinct 
records of depth of snow, the falls being measured merely as melted, 
and included in the precipitation data together with rain. The 
combined record is still kept, but since the winter of 1884-86 the 
actual depth of snow has also been entered, regardless of the amount 
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of moisture contained therein. The average snow, when melted, will 
produce one-tenth of its depth in water, but there is a considerable 
variation from this proportion. Very wet snow may contain one- 
third or even one-half of its depth in water, while, on the other hand* 
light, dry, feathery snow xnay not give when melted more than one- 
twelfth to one-fifteenth of its depth in water. 

A snow gage is maintained at the Weather Bureau oflSce in the 
Federal Building, but the swirl of winds affects the catch of such a 
gage much more than is the case in the measurement of rainfall. In 
order to secure as high a degree of accuracy as is possible under city 
conditions, the actual depth of each snowfall is also measured in 
another manner. For this purpose, three separate measurements 
are made in Grant Park and the readings are averaged, the latter 
being used as the official record. At present a portion of the snow 
is also weighed and the moisture content found, but formerly the 
average content — one-tenth of the depth — was entered in all cases, 
as no suitable device for determining the content under all circum- 
stances had been foimd. Any fall of snow of less than 0.1 inch in 
depth is regarded as inappreciable, and is recorded as "trace,'' as is 
an amount of less than 0.01 inch of rainfall. 

SEASONAL AND MONTHLY SNOWFALL 

The total and average snowfall by months and winters is shown 
in Table CIII, and the fall by winters, together with the average 
monthly amounts, is illustrated in Fig. 46. While there is a very 
great variation in the fall of snow from month to month, and from 
season to season, the average fall through the winter months, as seen 
from both graph and table, increases in a fairly gradual manner from 
the earliest snows of autumn to late winter, February having the 
greatest mean, 11.3 inches. The decrease in the amount of snow- 
fall after the February maximum is reached is much more rapid than 
is the increase up to that time, chiefly because mean temperatures 
show then a greater rate of change and reach the melting point early 
in March. Although February has the greatest mean monthly 
snowfall, that of January is only slightly less, 10.2 inches; and, as 
a matter of fact, the period of heaviest snow extends from the latter 
portion of January to about the middle of February, there being a 
decided falling off during the last decade of the second month. The 
main snow-bearing wind at Chicago is that from the northeast, 
because it approaches the city after passing over the broad expanse 
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of the lake and is laden with moisture evaporated from its surface. 
The chill received from the colder land surface in winter, when tem- 
peratures are below freezing, rapidly condenses and crystallizes this 
moisture into snow. And so, with the fall of mean temperatures 
in the winter season to the minimum about February 1 (p. 26), the 
amount of snow gradually increases to its maximum, decreasing 
thereafter as the mean temperatures rise. In the spring and summer, 

TABLE Cin 

MOMTHLT AMD SSABOIOL SNOWFALLS, IN InCRU AMD TSMIBB, 1884-1914 



SeMOQ 


Oet. 


Nov. 


Dee. 


Jan. 


Feb. 


Mar. 


April 


May 


Total for 
SeaKm 


1884-85 
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T 
T 
T 
T 





T 

T 





T 
T 
T 


T 
T 
T 

1.9 


0.5 
0.7 
2.6 
2.5 
0.5 
1.3 
T 

6.8 
0.8 
7.5 
2.5 
14.5 
4.2 
T 
1.8 
T 
1.1 
0.1 
0.5 
2.2 
T 
T 

2.8 
3.0 
0.9 
T 
1.2 
1.2 
0.4 
T 


8.8 
14.6 
9.8 
9.9 
3.2 
T . 
7.1 
5.5 
2.1 
12.1 
10.1 
3.4 
1.3 
6.2 
2.7 
3.5 
3.6 
4.2 
5.3 
18.6 
6.8 
2.8 
0.3 
12.8 
2.7 
19.1 
9.3 
7.8 
T 
2.7 


20.2 

26.7 

17.7 

11.9 

6.0 

2.7 

3.5 

15.3 

15.2 

6.5 

15.4 

2.0 

13.1 

15.9 

2.6 

0.3 

9.2 

6.2 

5.0 

11.0 

8.5 

2.9 

10.9 

13.2 

8.6 

14.9 

2.2 

7.1 

6.1 

14.8 


19.0 

6.0 

4.2 

2.2 

7.9 

8.3 

1.1 

2.8 

11.8 

12.9 

14.0 

27.8 

14.6 

13.7 

3.5 

22.6 

21.1 

5.5 

19.5 

13.4 

14.1 

5.9 

10.0 

19.8 

10.1 

2.8 

9.8 

9.9 

4.7 

7.2 


3.6 
1.9 
6.2 
3.5 
5.1 
9.4 
7.7 
3.1 
1.0 
5.4 
5.2 
8.9 

10.9 
1.0 
7.4 
6.8 
5.9 
2.1 
0.7 

14.3 
4.5 
9.0 
2.1 
0.1 
3.8 
T 
4.9 

13.5 
7.9 
1.2 


1.9 
1.0 
T 
2.0 
T 
T 

2.2 
T 

0.6 
T 

T 

0.9 
T 
T 

3.6 
T 

0.1 

3.2 

T 

0.2 


1.9 
T 

0.3 
6.9 
2.4 
0.1 
T 








0.1 

T 



T 
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T 













T 









1.8 



T 



T 






54.0 


1885-M 


50.9 


1886-87 


40.5 


1887-88 


32.1 


1888-89 


22.7 


1889-90 


21.7 


1890-91 


21.6 


1891-92 


33.5 


1892H>3 


31.5 


1893HM 


44.4 


1804-95 


47.2 


1895M)6 


56.6 


1896-97 


45.0 


1897-^W 


36.8 


1898-99 


18.0 


1899-1900 


36.8 


1900-1901 


40.9 


1901-2 


18.2 


1902-3 


34.2 


1903-4 


59.5 


1904-5 


34.1 


1905-6 


20.6 


1906-7 


39.3 


1907-8 


48.9 


1908-9 


26.4 


190(hl0 


43.7 


1910-11 


29.8 


1911-12* 


39.6 


1912-13* 


19.1 


1913-14* 












Avenge 


T 
T 


2.2 
14.5 
1895 

Tt 


6.8 
19.1 
1909 

Tt 


10.2 
26.7 
1886 
0.3 
1900 


11.3 
27.8 
1896 
1.1 
1891 


5.0 
14.3 
1904 

T 
1910 


1.0 
6.9 
1910 
Of 


0.1 
1.3 
1907 
Of 


36.2 


Greatest 


59.5 


Year 


1903-4 


Least 


Of 


18.0 


Year 


1898^M) 

















* Not included in averages. 
t In more than one year. 



however, the lake wind usually brings fair skies and bright sunshine, 
because its temperature is largely increased and its relative humidity 
correspondingly lowered as it passes over the warmer land surface, 
so that condensation into clouds and rain is very infrequent at such 
times. 

The greatest snowfall in any one winter was that of 1903-4, 
when 59.5 inches were recorded, an excess of 23.3 inches over the 
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average. Thb large amount was due chiefly to extraordinary falls 
of snow during December and March, nearly three times the average 
measurements being received in each of those months. The latter, 
14.3 inches, was the greatest March snowfall on record, as with one 




Fio. 46. — Total snowfall in inches by winters (upper graph); average monthly 
snowfall in inches (lower graph). 

exception was that of December, 18.6 inches. Of these amounts, 
11.3 inches fell in the single storm of December 12, and 8.7 inches 
in the storm of March 14-15. By months, the greatest individual 
records are; October, 1913, 1.9 inches; November, 1895, 14,5 
inches; December, 1909, 19.1 inches; January, 1886, 26,7 inches; 
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February, 1896, 27.8 inches, this being the greatest amount of snow- 
fall on record at Chicago for any month; March, 1904, 14.3 inches; 
April, 1910, 6.9 inches, of this amount 6.4 inches falling on the 22d 
to 26th; May, 1907, 1.3 inches in the single storm of the 3d. Snow 
rarely falls in October^ nor does it occur often in May. No instances 
of measureable amounts have ever occcurred in the former month 
except the unprecedented fall of 1.9 inches in 1913, and there have 
been but two times that more than a "trace" has occurred in May. 
Once in June, on the 2d, in 1910, *^trace" of snowfall was observed 
at the Weather Bureau office, in a thunderstorm condition which 
indicated an overlying blanket of very cold air, although the surface 
temperatures were in the 40*s. 

The smallest sifowfall in any one winter was that of 1898-99, 
when but 18.0 inches were noted, but the record is closely followed 
by that of 1901-2, when only 18.2 inches fell. Remarkably small 
amounts were recorded in the following months: December, 1889, 
*'trace"; January, 1900, 0.3 inch; February, 1891, 1.1 inches; 
March, 1910, "trace." There are several Novembers in which only 
a "trace" fell, and several Aprils in which no snow at all occurred. 

There is no fixed relation between the mean temperature of a 
winter and the amount of its snowfall. The greatest seasonal snow- 
fall, 59.5 inches in 1903-4, occurred in the coldest winter on record, 
18?3. The next greatest amount, which was but little less than that 
of 1903-4, was 56.6 inches in the winter of 1895-96, which season 
had a mean temperature of 27?7, slightly above the average. Large 
amounts of snow fell also in the winter of 1884-85, which was colder 
than the average, and in the winter of 1885-86, which was warmer 
than the average. On the other hand, the smallest winter snowfall 
on record, 18.0 inches in 1898-99, occurred during a very cold season, 
while in 1905-6, with a mean temperature as much above the normal 
as the former was below, but 20.6 inches were recorded. During 
the winter of 1901-2, when only 18.2 inches of snow fell, the season 
,was colder than usual; while in 1890-91, with a snowfall of but 21 .6 
inches, the mean temperature was considerably higher than the aver- 
age. Absence of snow during a very cold winter causes much damage 
in the outer portions of the city, as was the case during the latter 
part of the winter of 1898-99, above mentioned, when many water 
and gas mains were frozen because they were unprotected from severe 
temperatures by snow covering. On the other hand, much snow 
in a very cold winter results in many accidents and great expense 
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in the business sections, because of the difficulty in removing the 
drifts and in keeping the pavements free from incrustations of ice. 
Such a condition existed during December and January in the winter 
of 1909-10, many accidents occurring on the slippery streets, while 
business was much delayed by innumerable piles of frozen snow in 
the thoroughfares, and by the ice coatings which rendered heavy 
loading impossible. 

Extreme cold, however, should obviously be unfavorable for the 
occurrence of any considerable snowfall, as the moisture content of 
the atmosphere at such times is very small, yet low temperatures 
serve to keep the snow covering on the ground after the storm. 
Ordinarily, considering the storms in which our snows commonly 
occur, the heaviest falls are accompanied by temperatures ranging 
between 20° and 28°. At Chicago, when the temperature falls as 
low as 10°, the termination of the storm is soon at hand. 

TABLE CIV 

AmruAL DiftH or Snowfall, in Inchm, 1885-1913 

(See Fig. 47) 



Yew 


Depth in 
Indiee 


Yew 


Depth in 
Inches 


Yetr 


Depth in 
Inches 


Yew 


Depth in 
Inches 


1885 


80.0 
48.0 
40.5 
23.4 
20.3 
27.5 
26.8 
24.1 


1893 


48.2 
37.4 
52.5 
44.2 
45.7 
35.1 
17.0 
38.0 


1901 


40.5 
19.7 
49.2 
45.5 
30.1 
20.9 
42.0 
36.7 


1909 


41.9 


1880 


1894 


1902 


1910 


35.1 


1887 


1895 


1903 


1911 


28.3 


1888 


1890 


1904 


1912* 

1913* 


31.0 


1880 


1897 


1905 


23.3 


1890 


1898 


1906 




1891 


1899 


1907... 


Mean 


36.2 


1802 


1900 


1908 













* Not inchided in metn. 

The amoimt of snowfall for each calendar year of the period of 
record is shown in Table CIV, and graphically in Fig. 47, for pur- 
poses of reference in comparisons including annual precipitation, 
but the principal interest in the matter of snowfall naturally centers 
in winters, so that no discussion of the annual values is deemed 
necessary. 

While the variation of snowfall from season to season, and from 
month to month, is great, a study of the tables and graphs presented 
leads to the conclusion that there has been no permanent change 
from greater to lesser amounts, as many people believe. Consider- 
ing that the greatest Chicago snowfall of record occurred as recently 
as the winter of 1903-4, and that the amoimts in the seasons of 
1907-8 and 1909-10 were far above the average, it is obvious that 
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the snows of the present are just as heavy as were those of a gener- 
ation ago. Many Chicagoans were bora and reared in the northern 
and central portions of New England and New York state, where 
the snowfall is ordinarily much greater than it is in the Middle West, 
and such persons are likely to contrast the snowstorms of their child- 
hood da}rs with those of this region, and hastily conclude that the 
latter region has undergone a remarkable charge in climate. Then, 
too, the snows of the present remain on the ground as long as did 
those of former years, because the character of our winter tempera- 
tures has suffered no permanent change. In the winter of ld09~10 
snow lay on the ground continuously from December 5 to March 
10, and sleighing was possible in the outlying sections of the city 
during three months of that period. 




Fia. 47.— Annual depth of snowfaU, in inches, 1885-1910 (see Table CIV). 

In order to afford a comparison of the snowfall of the Chicago 
region with others of the country lying east of the Rocky Mountains, 
Fig. 48 has been prepared. There is an average annual snowfall 
over northern New England and northeastern New York amounting 
to 110 inches, while the fall exceeds 60 inches over the middle por- 
tions of those sections. The only portion of the country in the sec- 
tion shown in the figure, the annual snowfall of which exceeds that 
of New England, lies on the southern shore of Lake Superior, where 
northerly winds sweeping the take bring an average of 130 inches. 
Until recent years no accurate measurements of snowfall have been 
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made in the western mountaios, and late data are not yet available 
for publication, but the observations thus far obtained indicate that 
in certain localities extremely heavy falls occur, far surpassing those 
of the Lake Superior shore. 

HEAVY SNOWFALLS 

1. Greatest snowfall in Itoenty-four consecutive hours, morUhly. — 
The greatest snowfall occurring in any twenty-four consecutive hours 
for each month since 1891, when this particular record was begun, is 
shown in Table CV. From this table it is apparent that the heaviest 
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Pig. 48. — Average annual enowfaU in the United States: depth in inches. 

snowstorms occur most frequently in February, there having been 5 
in that month with a fall of more than 10 inches within twenty-four 
hours, while no other month has more than 2 such storms. There 
is but a single instance of a 24-hour fall of more than 12 inches, that 
being on February 18-19, 1908, when 12.7 inches were recorded. 
Remarkably heavy snows, entirely out of the season when such 
depths might be expected, were those of November, 25-26, 1895, 
11.5 inches, and of March 23-24, 1897, 10.0 inches, and both read- 
ings are by far the greatest recorded for their respective months. 
The heaviest 24-hour fall in December was 11.3 inches, in 1903, and 
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the heaviest in January was 9.5 inches, in 1914. These measure- 
ments, as do all others of depth of snow in the official records, repre- 
sent the snowfall on the level; that is, as it would lie were it evenly 
distributed over the ground. During heavy snows the wind fre- 
quently piles high drifts in some places, and sweeps other spaces 
bare. But these inequalities are avoided in the records by taking 
the average of three separate measurements at places carefully 
chosen (p. 216). 

The data in the table cover the fall of snow for the 24-hour 
period, although, of course, many of the storms ceased before the 
full space of twenty-four hours elapsed; and some, especially the 
heavier ones, lasted longer than the interval taken for the record, 
but in practically all such cases the additional amount of snowfall 
was but little. The actual duration and the total fall of snow are 
given in Auxiliary Table G for each of the record storms in Table CV. 

AUXnJARY TABLE G 
HxATOiT Smowbtobiis on Rbcobo, bt Mouths 



Din 



November 25-26. 1805 
December 12, 1003... 

January 31, 1014 

February 18-10. 1006. 
March 23-24. 1807... 
Aprill 1-12. 1000 



DmunoM 


Darar 


Era. 


Mb. 


24-Hr. 


24 


40 


11.5 


18 


38 


11.3 


12 


27 


0.5 


20 


M 


12.7 


24 


60 


10.0 


32 


13 


2.0 



Total 



12.0 
11.3 

0.5 
12.8 
10.0 

3.1 



The snowstorm of February 27-28, 1900, in which 11.3 inches fell, 
lasted 27 hours, with a total fall of 11.5 inches; while the storm of 
February 2-3, 1901, in which 11.4 inches fell, lasted only 10 hours. 
Both storms were accompanied by high winds, which resulted in 
much drifting and consequent interference with transportation and 
communication. 

2. Heavy and danuiging storms of snoWj sleety and ice. — It is desired 
in this connection to make some reference to the most damaging 
storms of snow, sleet, and ice. Sleet invariably falls in connection 
with snow or rain, or both, and ice storms are commonly confused 
with sleet storms. Sleet is frozen rain; ice storms are occasioned 
by rain freezing upon objects with which it comes in contact. In 
the former the freezing occurs before the drops strike the earth; 
in the latter, the cold surfaces upon which the rain falls freeze the 
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water into a coating of ice. Such storms cause greater damage to 
telegraph, telephone, and fire-alarm wires than do the heaviest snows, 
and as a consequence communication by such means is sometimes 
paralyzed, and the city even cut off from intercourse with the outside 
world. 

NovEifBER 25-26, 1895. This heavy snowstorm \b listed in Table CV, 
but it may properly be classed as an ice storm as well, as the snow was mixed 
with rain freezing as it fell. Wires were coated with ice and in many por- 
tions of the city broken down, stopping conmiunication by telephone and 
telegraph for an entire day, while electric-light service and street-car sched- 
ules suffered as badly. A high north to northeast wind prevailed from 
midnight of November 25-26 until daylight, reaching a maximum of 48 miles 
an hoiu*, its force adding much to the destruction caused by weight of ice. 
The temperatiu^, which was near the freezing point on the morning of the 
26th, fell steadily during the day and reached 8^ by the following midnight, 
the ensuing cold weather lengthening the period of damage by maintaining 
the ice coatings. 

February 3-4, 1900. This storm began with a light fall of sleet turn- 
ing to rain and later to heavy snow accompanied by brisk to high northerly 
winds. As a consequence of the wind the snow drifted badly. Streets 
were made very slippery and dangerous, and the condition resulted in much 
interruption to transportation. The temperatiu^ rose from a minimum of 
18° on the 3d to a maximmn of 33° at 5 p.m., falling very slowly thereafter 
and reaching 17° at 10 p.m. on the following day. 

February 3, 1903. On this day rain, snow, and sleet began at 6 a.m., 
and continued until the morning of the 4th, with high northeast winds, 
coating all exposed objects with ice, and causing much interference to trans- 
portation and conununication generally, as the storm covered a large area. 
The Weather Bureau anemometer was so covered with ice during this storm 
that an accurate record of wind velocity could not be secured. The tem- 
perature ranged from 22° to 37° on the 3d, falling steadily on the 4th and 
reaching a minimum of 17° by midnight. 

February 29-March 1, 1908. Rain with some sleet fell from 6 p.m. 
of the 29th to 7:40 a.m. of March 1, causing the same general conditions 
noted in the above-described storms. A thunderstorm occurred in con- 
nection with this distiu'bance early in the morning of March 1. 

February 14-15-16, 1909. Rain, snow, and sleet with a northeast gale 
began about midnight of the 13th, continuing through the day of the 14th, and 
the condition was followed by a considerable fall of snow on the 15th and 
16th. The maximum velocity of the wind was 48 miles an hour on the 14th, 
and the storm was of more than ordinary severity, resulting in much damage. 
The temperatiue remained steadily below freezing on all three days, ranging 
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from 29** to 23** on the 14th, from 24** to 20** on the 15th, and from 26** to 18** 
on the 16th. 

December 11-12, 1909. Sleet, mixed with rain and snow, began at 
7:33 P.M. of the 11th, and continued until 8:30 a.m. of the 12th, when it 
changed to rain with temperature a few degrees above the freezing point. 
As a result of the upward trend of the temperature the severity of the storm 
was somewhat modified, and the damage and delays were not as serious as 
would otherwise have been the case. Moreover, the wind velocity was not 
high at any time, which also tended to a minimum of damage. 

January 4-5, 1910. Sleet began falling at 4:35 p.m. of the 4th, and 
continued until nearly midnight, in the form of small, hard pellets almost 
as fine as sand. The fall of sleet was 2.2 inches, but it drifted badly under 
brisk to high east to southeast winds. Light snow had preceded the sleet 
during most of the morning and afternoon, the temperature rising steadily 
from 1** to 22** above zero during the course of the day. During the 5th the 
temperature rose still farther, reaching 30** in the early morning, and falling 
again thereafter to 4** by midnight. With the drop in temperature the 
surface of the sleet solidified into a crusted stratum almost strong enough 
to support the weight of a man, and where the accumulation was not at once 
removed travel afoot for both man and animal was most difficult. 

January 12-13-14, 1910. Sleet, snow, and rain fell during this storm, 
the rain freezing as it fell. The distiu'bance was in all probability the most 
damaging ice storm ever recorded by the local Weather Bureau office. 
The total snowfall was 10.2 inches. No high winds prevailed during the 
storm, and the temperature was moderate, ranging from 35** to 28** through- 
out the three days. The unusual features were due to the fact that the snow 
fell first and the rain afterward, saturating the former, which subsequently 
froze into practically solid ice. Teaming was very difficult, and freight 
traffic was nearly paralyzed. A coal famine was threatened, and not a milk 
train entered the city on the 14th, because of the impossibility of moving 
freight trains from their sidings in the country surrounding. Although but 
little snow fell during the month of February following, the conditions 
brought about by this storm were largely responsible for the snow covering 
remaining on the ground until March 10. 

February 21, 1912. The damage by this storm was caused by high 
winds badly drifting the snowfall, which amounted to but 3 . 4 inches on the 
level. The snow began in the early morning with an increasing northeast 
wind. The wind shifted to north at about 8 a. m., and reached a velocity 
of 53 miles an hour at 2:06 p.m., decreasing thereafter, although it was strong 
throughout the afternoon and evening, and shifted to northwest about 
5 P.M. The snow drifted from 3 to 4 feet deep in many places in the streets, 
while in other places the pavements were swept bare. As the worst part of 
the storm occurred during the hours of greatest business activity, delays in 
traffic and communication were correspondingly great. Accidents due to 
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the high wind and blinding snow were numerous, and although the weather 
cleared rapidly after the storm passed, recovery from the disastrous effects 
was necessarily slow. 

February 26, 1912. This storm was similar to that described in the 
preceding paragraph, but was of somewhat lesser intensity. It, however, 
caused much delay to communication and transportation. The snowfall 
was only 4 . 2 inches for the whole storm, but high winds drifted it much in the 
streets, which became very slippery. The temperature in the morning rose 
to about freezing, ranging between 30^ and 31^ from 7 a.m. to 2 p.m., falling 
thereafter to a minimum of 17^ at midnight. 

In connection with the above storms reference may be made to 
severe windstorms discussed on pp. 289-92. 

FREQUENCY OF SNOWFALL 

The relative frequency of days with snow is shown for each 
month of the winter season in Table CVI, in which the record for 
the ofHcial period is given for all falls of 0.1 inch or more. The 
figures do not, of course, show all days with snow, because there are 
usually many days in each winter on which only an inappreciable 
amount ("trace") falls. The average number of days for the season 
is 29. The greatest number of days in any one season, 41, occurred 
in 1886-87, although the total depth of fall, 40. 5 inches, only slightly 
exceeded the average. The fewest days of snow in any one season, 
18, occurred in 1888-89, and the total snowfall was 22.7 inches. 
The actual depth of snowfall in January is exceeded by that of Feb- 
ruary (p. 216), but the frequency is somewhat less in the latter 
month, the averages being 8.0 days for January and 7.6 days for 
February. January, 1886, holds the record for the greatest number 
of days with snow in any one month, there being 19 days with a fall 
of 0.1 inch or more. In January, 1900, however, there was but 
1 day on which an appreciable amount of snow fell, the amount then 
being only 0.3 inch, which was the total measurement for the month. 
In December, 1889, snow fell only in "traces." In April, 1910, snow 
occurred on 7 days, making a total fall of 6.9 inches, while in the 
warm March immediately preceding appreciable snow did not fall 
at any time. Fig. 49 illustrates the greatest frequency and the aver- 
age monthly frequency of days with snow; also the greatest monthly 
amounts, the greatest fall in twenty-four consecutive hours, and the 
average snowfall, by months, the various data being drawn from 
Tables CVI, CIII, and CV. 
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DEPTH OP SNOW ON THE GROUND 

Snow remains on the ground for a variable period. Sometimes 
continuous cold weather, by preventing much thawing, permits the 
accumulated falls to remain on the groimd throughout most of the 
winter, while in other seasons warm spells bring about rapid melting, 
to be followed later by colder weather and additional snowfalls. 

TABLE cvi 

MORTHLT AMD SbABONAL NuMBSB OF DlTB WITH ShOWTALL OF 0.1 IlfCB OK MoBS, 1885-1914 



1886-«)... 
1886-87... 
1887-88... 
188»-80... 
1889-W... 
1880-01... 
1891-02... 
1899-03... 
1803-04... 
1804-06... 
1805-00... 
180^-07... 
1807-08... 
1808-00... 
1800-1900. 
1900-1001. 
1001-2.... 
1902-3.... 
1903-«.... 
1004-5.... 
1005-6.... 
1006-7. . . . 
1007-8.... 
1908-9... 
1909-10... 
1910-11*. . 
1911-12*. . 
1912-13*. . 
1913-14*. . 



MeaDi — 

1886-95 

1896-1905 

1886-87—1909-10. 



Oet 































2 



Average. 
GmteBt. 
LeMt... 



Oct. 



2 




Nov. 



1 
4 

2 
1 
3 

3 
1 
4 
1 
4 
2 

4 

2 
1 
1 
3 


5 
1 
2 

3 
5 
1 




2.0 
1.7 
1.8 



Nov. 



1.8 

5 





Dee. 



8 

10 

4 

4 


6 
1 
8 
7 
1 
5 
4 
7 
5 
5 
3 
7 

10 
8 

10 
7 
2 
8 
2 

14 

11 
8 
1 
2 



Jan. 


Feb. 


Mar. 


April 


May 


19 


7 


4 


1 





12 


10 


5 








9 


4 


4 


1 





2 


8 


3 








4 


4 


11 








7 


7 


7 


2 





9 


6 


9 








10 


9 


4 


2 





3 


5 


2 








11 


3 


3 








3 


10 


5 








12 


8 


4 


2 





6 


12 


3 








6 


5 


6 








1 


12 


8 


3 





5 


7 


8 








8 


13 


3 


1 





7 


7 


3 


2 





11 


11 


6 








11 


8 


2 


1 





7 


8 


12 








11 


5 


3 


3 


1 


8 


8 


1 








6 


7 


3 


1 





12 


6 





7 





5 


6 


5 


1 


1 


11 


6 


7 


1 





8 


6 


9 








9 


11 


7 


1 






4.9 


8.6 


6.3 


5.2 


0.6 





6.4 


7.0 


9.3 


4.8 


0.0 





5.8 


8.0 


7.6 


4.8 


1.0 


0.04 


Deo. 


Jan. 


Feb. 


Mar. 


April 


May 


5.8 


8.0 


7.6 


4.8 


1.0 




14 


19 


13 


12 


7 


i 





1 


3 












Seaaoa 

40 
41 
24 
18 
22 
20 
28 
34 
21 
19 
27 
32 
28 
26 
29 
25 
33 
30 
39 
32 
34 
30 
26 
21 
39 
32 
38 
25 
32 



28.1 
30.1 
29.0 



Season 



20.0 

41 

18 



* Not included in averages. 



According to Table CVII, the greatest depth of snow on the 
ground at the end of January was 14.8 inches in 1885; and at the 
end of February, 18.3 inches in the same year, the monthly falls 
being 20.2 and 19.0 inches, respectively. These months were also 
quite cold, having a number of days with zero temperatures. As a 
rule, however, the depth of snow on the groimd at the end of the 
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month cannot be taken as an indication of the amount of the snow- 
fall, as it is possible that greater or lesser amounts may have existed 
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Fig. 49. — Monthly frequency and amount in inches of snowfall, 

1884-85 to 1910-11. 

iiBgreatest monthly frequency of days with snowfall; B» average frequency; C* greatest monthly amounts 
of snowfall; Z>" greatest snowfall in twenty-four hours; £»averagemonthly amounts of snowfall. 
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just before or just after that date, and not show in the record. For 
instance, in the winter of greatest snowfall, 1903-4, which was on the 

TABLE cvn 

Amoumt or Snow oh Gsound at End or Month, in Inchxs, 1885-1914 



Year 


Jan. 


Feb. 


Mar. 


! 
April 1 May , June July 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


1885.... 


14.8 

10.0 

4.5 

2.0 


18.3 
3.0 


j 1 < 












1886.... 


1.0 


1 






6.5 


' 4.6 


1887. . . 


i 






T 


1 


1888.... 




, 








1889.... 




' 1 






T 




1800. . . . 




2.0 
0.3 
0.2 
0.2 


T 


'...... ' 1.. .... 








1891.... 




,.....' ' ■ . 1... ' :::::;: 




5.0 

T 

2.1 




1892.... 




1 i , 


1 




0.4 


1893.... 


2.6 
3.7 
8.5 


:::::;: i:::::::::::::;:::::::!::::::: 


1 






1894.... 


1 1 


i 




5.7 


1895.... 






' 1 






4.0 


0.8 


1896.... 






1 








1897.... 


5.0 
7.7 
0.4 


1.0 

3.0 

T 

11.5 

2.8 
. . .^. . . 

T 
T 




1 










T 


1898. . . . 


:::::;: :::::::i:::::::>:::::::i::::::: 








0.6 


0.2 


1899.... 


T 
T 
T 
T 


, 1 1 








T 


1900 


1 . 1 








2.8 


1901.... 


3.8 
3.4 


' i 1 1 




T 


1902.... 


1 1 , 


1 ! 




0.7 


1903.... 




1 ' !.*.._ 


I 


1.0 


5.6 


1904.... 


2.4 
2.5 


1 ' 1 1 






1905.... 


:::::::i:::::::i::::::: i:::::::!;:::::: ::::::: :::::::t:::::;: 


t 


T 


1906.... 


' 1 1. .... 




1907 


3.1 
3.1 
3.8 
5.2 
T 

3.0 
0.1 
9.3 


T 
3.7 

T 
0.4 

' 3.7' 
4.2 
0.5 


...!..../.., 




1.6 




1908.... 


. ...... ...j j • 






1909. . . . 


1 1 









9.2 


1910. . . . 


1 ' 1 








1.0 


0.8 


1911.... 


t 

T 


! 1 








0.6 


1912.... 














1913.... 


..:: ' 1 '.... 


1 








1914.... 


:::::::i:::::::i:::::::i 


1 










1 1 









whole very cold, so that the snow might be expected to remain con- 
tinuously on the ground, the comparison of the monthly falls with 
the amounts on the ground at the end of the months shows the 
results given in Auxiliary Table H. 



AUXIUARY TABLE H 



Total depth of snowfall, inches, 1903-4 
Depth at end of month 



November 


December 


January 


February 


2.2 
1.0 


18.6 
5.6 


11.0 
2.4 


13.4 
trace 



March 



14.4 
0.0 



Table CVIII furnishes additional interesting data, the greatest 
amount of snow on the ground at any time during the months being 
entered, although the record is available only since 1893. The 
deepest snow covering during the period of record was 20.4 inches 
on February 7, 1895, a month characterized by heavy snowfalls and 
low temperatures, as was the month immediately preceding. The 
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next deepest covering of snow was 16.0 inches, and was measured 
on February 9, 1901. This month was persistently cold, although 
no extremely low temperatures occurred. The deepest snow on the 
groimd during any January was on the 14th in 1910, 11.8 inches, 
during the winter in which the snow covering was continuous from 
December 5 to March 10, and the snowfalls were heavy in both 
December and January. Snow covered the groimd that winter on 
a total of 100 days, 96 of these being consecutive in the period men- 
tioned above. In the winter of 1903-4, snow covered the ground on 
110 days, but, although the greatest seasonal snowfall on record 
occurred at that time, the periods were somewhat broken. The 
longest period of consecutive days with snow on the groimd in this 
winter was 86 days, from December 7 to March, 1, but the amounts 
varied greatly, as shown in the preceding paragraph. In the winter 
of 1896-97, the longest period of continuous snow covering was but 
14 days, with a total of 81 days, notwithstanding the fact that con- 
siderably more than the average amount for the season fell. In the 
winter of 1905-6, a winter of light snowfall and comparatively high 
temperature, the longest period was 17 consecutive days, with a total 
of 82 days. On 16 of these days the depths were very little, there 
sometimes being but "traces" of snow in patches here and there. 
During the very cold winter of 1898-99, in which the total snowfall 
was only 18.0 inches, there were but 75 days on which the snow lay 
on the ground. Of these, 18 were consecutive, but on 12 of the 18 
less than 0. 1 inch was the amount of depth. 

The greatest amount of snow on the ground occurs usually in the 
month of February because the heaviest snows of the year fall in the 
early portion of that month and the latter portion of the month 
preceding (p. 216). 

DATES OF FIRST SNOWFALL IN AUTUMN AND LAST IN SPRING 

The date of the first snowfall in autumn and the last in the 
following spring are given for the season of record in Table CIX. 
On the average the first snow of autumn occurs on October 31, and 
the last of spring on April 23. In 1905 and 1909 snow fell as early 
as October 11, and in 1902 not until November 26. The latest date 
in spring on which snow has fallen was June 2, 1910, when a "trace" 
fell during a hailstorm. The earliest date on which snow was last 
recorded in the spring was March 28, in 1906. 
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PROPORTION OF RAINFALL TO MELTED SNOWFALL 

During the period of record from 1885 to 1910, inclusive, the 
rainfall and snowfall of the winter season, expressed in percentages 

TABLE CIX 
Datxs or Fbst Bsowtall is Autumn and Last m Sntnra, iHCLUDnra **Tnkcm" or Snow, 1885-1014 



Year 


Ilrat in Autumn 


Laat in ^wing 


Year 


1885 

1886 

1887 

1888 

1880 

1800 

1801 

1802 

1803 

1804 

1805 

1806 

1807 

1808 

1800 

1000 

1001 

1002 

1003 

1004 

1005 

1006 

1007 

1008 

1000 

1010 

1011* 

1012* 

1013* 


November 1 
November 17 
October 21 
October 18 
October 30 
October 20 
November 13 
November 7 
November 15 
November 7 
October 20 
October 17 
November 2 
October 14 
November 2 
November 6 
November 3 
November 26 
November 5 
October 22 
October 11 
November 10 
November 10 
November 4 
October 11 
October 26 
October 26 
November 1 
October 20 


April 1 
April 24 
April 20 
May 26 
AunlO 
Mi!sr4 
AprilO 
April 22 
Miyl8 
May 13 
Apnl2 
April 16 
April 5 
April 15 
April 13 
April 21 
May 10 
Apnl30 
April 16 
April 16 
March 28 
May 10 
i^2 
Miy2 
June 2 
May2 
Apnll8 
April4 
AprU20 


1886 
1887 
1888 

1880 

1800 

1801 

1802 

1808 

1804 

1805 

1806 

1807 

1808 

1800 

1000 

1001 

1002 

1003 

1004 

1005 

1006 

1007 

1006 

1000 

1010 

1011* 

1012* 

1018* 

1014* 


Earlicrt 


Octobn- 11. 1005 and 1000 
Novembfsr 26, 1002 
October 31 


March 28. 1006 
June 2. 1010 
April 23 




Latett 




Ayerace 









* Not included in 



of the total monthly and seasonal precipitation, has been as given in 
Auxiliary Table I. Of the total annual precipitation, 12 per cent, 
or about one-eighth, falls as snow. 

AUXILIARY TABLE I 

PSBCSNTACn or PutCIPITATION OOCUSBINO AS RaIM AND MSLTBD SmOW 





RainfaU 


Snowfall 




01 
68 
53 
50 
78 
06 







32 


January 

February 


47 
50 


March 


22 


April 


4 






Seaaon 


72.7 


27.3 
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DISTRIBUTION OF SNOWFALL IN THE CITY 

While the measurement of snowfall is made at the Weather 
Office and in Grant Park, near the lake, as has been indicated, for 
some time it has been the practice of the official observers to make 
notes of the depths of snow in the respective localities in which they 
reside. Ordinarily there is no great variation in the amount of snow- 
fall throughout the city, but occasionally, because of peculiar local 
conditions, wide differences have been observed. One of the most 
remarkable occurrences of this character happened in connection 
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with the snowstorm of Thanksgiving Day, November 26, 1903, and 
Fig. 50 has been prepared to show the distribution of snowfall 
throughout the city at that time. There was practically no snowfall 
west of Halsted Street or in the sections lying north of the river. 
The amount increased from the south branch of the river eastward 
to the lake, and southward through the limits of the city, reaching 
a maximum depth of 14 inches at South Chicago. While snow was 
falling over the South Side the sun was shining brightly throughout 
the western sections. The general distribution of atmospheric 
pressure was such as to cause a brisk north wind at the southern end 
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of Lake MichigaiL The day was cold for the season, with temper- 
ature ranging from 13^ to 2(ff but the temperature of the water sur- 
face was, of course, considerably above the freezing point. A north 
wind at Chicago skirts the shore of the northern portions of the city, 
but, as the shore to the southward trends farther and farther to the 
southeast, a wind from the north produces more and more of the lake 
effect (p. 216). In this case the temperature over the land was such 
that the moisture carried on shore by the wind was soon chilled to 
the point of condensation, and heavy snow resulted in the southern 
sections. In Grant Park the fall was but 0.6 inch, while at Jackson 
Park 10 inches were measured, the depth increasing thence south- 
ward as above indicated. 

SUIOCABT OF SNOWFALL DATA 

Table CX presents the main features of the data on snowfall in 
a manner similar to that used for the summary of precipitation data 
(Table XCIX), and will be found valuable for purposes of reference. 



PART III 

ATMOSPHERIC MOISTURE 



ATMOSPHERIC MOISTURE 

The term humidity has reference to the quantity of moisture 
present in the air at all times in the state of invisible vapor. The 
air is said to be dry when but little is present, and humid when the 
quantity is relatively considerable. If the quantity of moisture is 
measured as weight per unit of volume, as, for example, grains per 
cubic foot, the numerical value is designated the absolute humidity. 
If, however, as is most common in statistics relating to weather and 
climate, the measurement is expressed as a percentage of the quantity 
of vapor that can possibly exist at the temperature in question, then 
the numerical value is called the relative humidity. 

The conditions of humidity have at times fully as much to do 
with comfort and salubrity as do those of temperature, sunshine, 
and wind. Paradoxical as it may seem, a high degree of humid- 
ity makes a hot wave sensibly hotter, and a cold wave colder, than 
is the case when the amount of moisture in the air is relatively low. 
High humidity in warm weather, by materially retarding the evapora- 
tion of perspiration from the pores of the body, prevents the cooling 
produced by this process in other heated periods. On the other 
hand, during times of cold weather, by penetrating the clothing and 
communicating dampness to it, an atmosphere with high humidity 
increases the conductive qualities of the fabric and permits a more 
rapid escape of the body's heat. The disagreeable features of damp 
climates, whether warm or cold, and the comparative pleasantness 
of regions in which the atmosphere has a low percentage of moisture 
are well known. Residents of the foothills along the eastern sides of 
the Rockies, and those of the dry sections of the interior Northwest, 
experience temperatures of zero and below with less discomfort than 
even much higher winter temperatures bring to localities of greater 
relative humidity; and the heat of many arid regions is rendered less 
oppressive by the extreme dryness of the air, while very moist climates 
are enervating at temperatures but little above the average. 

It is common to speak of the moisture content of the atmosphere, 
or of the capacity of the air for water vapor; but as a matter of fact, 
the presence of air has little to do with the volume of water in the 
form of vapor within any given space. This vapor exists practically 

239 
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independent of the other gases of the air, and its mass per volume 
depends upon the temperature. Whenever, therefore, the expres- 
sions "capacity of the air for moisture" and "moisture content of the 
air" are used herein, the distinction noted must be kept in mind. 

This so-called capacity of the air for moisture in the form of 
vapor increases rapidly with rising temperature. A cubic foot of 
air at 32^ will, if saturated, contain about 2 grains of aqueous vapor; 
at 50° the same volume will have a capacity of about 4 grains; at 
70°, about 8 grains, and at 100°, about 20 grains. If the quantity 
of water vapor in any free volume of air at 32° is actually 2 grains to 
the cubic foot, the relative humidity is 100 per cent. Now if, as 
may be the case in nature, the temperature rises while the actual 
amount of moisture to the cubic foot remains the same, the relative 
humidity at 50° becomes only 50 per cent, because 4 grains is the 
capacity at that temperature; at 70° it has fallen to 25 per cent, 
and at 100° the relative humidity would be about 10 per cent. In 
the first instance the air would be saturated with water vapor and 
no more could be taken up; in the last, it would be extremely dry, 
as it sometimes becomes in the desert regions of the arid Southwest, 
and any water surface exposed to such an atmosphere would evapo- 
rate rapidly. 

RELATIVE HUMIDITY, MONTHLY AND ANNUAL 

The average relative humidity, based upon readings of the psy- 
chrometer made at 7 o'clock each morning and evening, is shown 
for the period of record in Table CXI. Prior to 1889 the observa- 
tions were made at different hours, and those readings are there- 
fore not comparable with the figures in the table, which are all that 
are available for any period of sufficient length to afford means of 
any special significance. 

The mean annual relative humidity at Chicago is 75 . 3 per cent, 
and the yearly averages have ranged from 80 . 2 per cent in 1900 to 
68.5 per cent in 1895. tAs a rule, relative humidity is highest during 
cloudy and rainy weather, and lowest during clear weather with 
bright sunshine and strong southwest winds. The lake wind is 
always laden with moisture, but in the summer and late spring its 
relative humidity is not so high as in other seasons, because its 
capacity is increasing with the rise in temperature of its current as 
it sweeps over the warmer land. The conditions just pointed out, 
however, are not always apparent in the average readings. For 
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inatance, in 1900, the year of highest averse relative humidity, the 
total precipitation was but 28 . 65 inches, considerably below the nor- 
mal; in 1895, the year of lowest relative humidity, while the total 
precipitation, 32.38 inches, was below the normal, it was greater 
than that of 1900 by more than 3 inches. 

The means for the various months, shown at the bottom of 
the table, give considerably higher relative humidity for the winter 
months than for the summer season, rangii^; from 82. 3 per cent in 
January to 70.4 per cent in July. These figures indicate a closer 
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relation between the frequency of precipitation and relative humidity 
than exists between the latter and the actual amount of rainfall and 
snowfall, as expressed in average values. Precipitation ia most 
frequent in the winter season (p. 16S), and relative humidity ia on the 
average highest at that time; precipitation is heaviest during the 
summer (p. 157), at which time relative humidity is on the avert^^ 
at its lowest. The high values of the averages for the colder portion 
of the year are not due to greater amounts of moisture in the air. 
As a matter of fact, the absolute hiunidity for the winter ia much 
less than for the summer, but in periods of low temperature a turn 



242 THE WEATHER AND CLIMATE OF CHICAGO 

to slightly colder weather raises the relative humidity greatly, 
because of the very much smaller capacity of the air for moisture 
at that season. 

The average values for mean relative humidity shown in Table 
CXI, based as they are upon observations taken at 7 a.m. and 7 p.m., 
are somewhat higher than the mean observations taken at each of 
the twenty-four hours of the day would give, and also slightly higher 
than the mean obtained from the maximum and minimum relative 
humidity of the successive days. This excess is due to the fact that 
both observations of the day come at a time when the daytime effect 
of the sun's heat in lowering relative humidity is felt but little in the 
summer season, and not at all in the winter months. The first 
observation is near the time of maximum relative humidity, and the 
second long after the time of minimum, so that the latter observation 
is much too high to produce a true mean when combined with the 
former. Since May, 1911, bi-hourly values of relative humidity, as 
recorded by a hygrograph, have been secured for each day, and 
these records for the year following, given in Table CXII, will illus- 
trate the truth of the foregoing statements. The average of the bi- 
hourly readings (a) for each month will be found in each case to be 
lower than the averages of the 7 a.m. and 7 p.m. observations (6), the 
difference for the year being 1.6 per cent. The highest hourly 
average for the period given, 76.5 per cent, occurred at 6 a.m., 
and the lowest, 62.5 per cent, at 2 p.m,. the average of these two 
readings being 69.5 per cent, only three-tenths of 1 per cent below 
the average of the bi-hourly values. 

Fig. 51 shows graphically the mean relative humidity and the mean 
temperature of the months from May, 1911, to April, 1912, inclusive, 
based upon observations at the bi-hourly times shown in Table CXII. 
The general condition of higher relative humidity during the season 
of low temperatures (p. 241) is plainly to be seen in the graph, but 
the average temperature of any particular month can in nowise 
be taken as a certain index of the percentage of atmospheric moisture. 
For instance, January, 1912, was the coldest January of the official 
record, and we might therefore expect the relative humidity to be 
correspondingly high. Its mean, however, was about 10 per cent 
lower than the average for that month of the year and, while higher 
than that of the previous summer season, was considerably below 
the readings of December, 1911, and February, 1912, each of which 
was marked by higher temperature. The relation of temperature 
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and relative humidity is closest for short periods of change, and little 
dependence can be placed upon the relation of average values for 
individual months. The relative humidity of January, 1912, lower 
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than that of the preceding or the following month, was the result of 
the extraordinarily large number of bright, sunshiny days, which 
are common to extended periods of very cold weather, 

RELATIVE HUMIDITY, HOUBLY 

Unfortunately, no hourly relative humidity readit^ for Chicago 
are available, and the period of bi-hourly values shown in Table 
CXII is much too short to establish with any d^p-ee of accuracy 
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mean relative bumidities for the various hours. Temporary irregu- 
larities due to storm movement are too numerous to warrant many 
generalities in this connection. For instance, the bi-hourly averages 
of July, 1911, and of July, 1912, show great differences (Auxiliary 
Table J). 

ADZILURT TABLE J 
CoHMUKn or BfomiLT RiUTin Hmman. Jul). IBII, urn Jdi.t, 1113 
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MoQthlj' averagcB: July, 1911, 68.3 per ceat; July, 1012, n. 4 per cent. 



^ _- __ ^IJ^ i^ ^ ;^ « 



Fia. 52— Relative humidity (bi-hourly) from May, Idll, to April, 1912, 
inclusive; temperature (bi-hourly) from May, 1911, to April, 1912, inciuaive. 



However, the relation in short periods of temperature and relative 
humidity, and the averse cycle of changes during the hours of the 
day, are apparent from the means at the bottom of each section of 
the table. The relation and change is nicely illustrated in Fig. 52. 
For any short period of time the actual amount of water vapor in the 
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air may be considered as fairly constant/ and the effect of rising tem- 
perature in increasing the capacity of the air for moisture is therefore 
to lower the relative humidity; and the converse is equally true. As 
a result, the air is most humid at about the time of minimum tem- 
perature and driest at or just before the occurrence of the maxi- 
mum temperature; that is, at about 6 a.m. and 3 p.m., respectively 
(p. 136). 

On individual days relative humidity follows closely the changes in 
temperature, cloudiness, and shift of wind, and usually rises decidedly 
upon the approach of rain or snow. On May 7, 1911, relative hu- 
midity was remarkably low throughout the day, the bi-hourly read- 
ings, beginning with 2 a.m., being 48, 49, 49, 43, 34, 27, 24, 23, 24, 
30, 36, and 39 per cent, respectively. This day was clear during the 
entire twenty-four hours, with bright sunshine from sunrise to sunset, 
and with a moderate southwesterly wind. The temperature rose 
rapidly from 55° at 5 a.m. to the maximum for the day, 77°, at 3 p.m. 
On August 13, 1911, the bi-hourly relative humidity, beginning with 
2 A.M., was 93, 94, 95, 89, 90, 96, 92, 93, 96, 94, 86, and 87 per cent. 
The temperature was quite uniform, ranging only 6°, from 68° in 
the early morning to 74° at the following midnight. Rain began 
shortly after 12 a.m., ending at 6:13 a.m., but two short showers 
occurred between 11 a.m. and 1 p.m. The weather was cloudy 
during the morning and early afternoon, the clouds breaking some- 
what thereafter. Between 8 and 11 o^clock in the morning the sun 
shone through rifts in the clouds, which explains the temporary drop 
in relative humidity at that time, and there was in like manner sun- 
shine during the afternoon. Owing to the nearly stationary tempera- 
ture, however, and the evaporation from moist surfaces, the sunshine 
was not as effective in reducing the relative humidity as would other- 
wise have been the case. 

Relative humidity of 100 per cent, or complete saturation, is not 
uncommon in cloudy, wet weather, especially if foggy conditions 
prevail. There is no instance on record, however, of such state con- 
tinuing throughout the entire period of any one day. Occasionally 
extremely low relative humidity is experienced. On October 21, 
1871, with a temperature of 71°, the relative humidity at 3 p.m. was 
20 per cent; and on April 25, 1872, with a temperature of 81°, the 
relative humidity at the same hour was 19 per cent. As far as known, 
the latter is the lowest relative humidity reading ever occurring at 
Chicago. 
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Table CXIII and Fig. 53 coDtain the average monthly and 
annual relative humidity for the same cities in the United States 
that were used in the comparison of monthly and annual precipita- 
tion (p. 165, Fig. 36). The highest relative humidity is, as we should 
expect, aloi^ the Pacific coast, where the prevailing winds are from 
the ocean, and along the southern coasts from Texas eastward, where 
the warm air is laden with moisture from the Gulf Stream. San 
Francisco, Cal., has the same annual percentage as Jacksonville, Fla., 
80 per cent, although the precipitation of the former is but about 
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two-fifths of that of the southern city. Yuma, Ariz., in the midst of 
the arid region with its cloudless skies, has an annual percentage of 
43, while EI Paso,.Tex., in the foothills farther to the east and with 
three times the ranfall, has an averts of but 40 per cent. At 
El Paso, however, the spring months are exceptionally dry; while at 
Yuma, although daytime temperatures cause extremely low humidity 
during the afternoons, clear skies and still atmosphere at night per- 
mit radiation to brii^ the temperature relatively low, and so raise 
somewhat the percentage of moisture. Denver, Colo., at an altitude 
of about 5,000 feet, has a low annual average, because the crests of 
the Rockies to the west rob the prevailii^ westerlies of moisture be- 
fore reaching the city. In regard to the other cities shown, the 
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values also depend largely upon location, prevailing wind direction, 
temperature, and proximity to water surfaces. 

DEW POINT 

Whenever the relative humidity is 100 per cent, that is, when the 
air is saturated with vapor of water, condensation must b^n with 
any lowering of the temperature. ■ Whenever the relative humidity 
is less than 100 per cent, the temperature to which the air must fall 
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to produce saturation and condensation is called the "dew point." 
The monthly and annual values of the dew point at Chicago are 
entered in Table CXIV. No discussion of the subject is necessary 
beyond calling attention to the fact that, during the period from April 
to October, inclusive, the mean dew point is below the mean tempera- 
ture by about 10°; in February, March, November, and December, 
by about 6° to 7°, while the depression is least in January, averaging 
then about 4° (Table I). 



PART IV 

CLOUDINESS AND SUNSHINE 



CLOUDINESS AND SUNSHINE 

AVERAGE CLOITDINESB, MONTHLY AND ANNDAL 

Table CXV shows the average cloudiness by months and years 
from 1890 to 1913, inclusive. These figures are bs,sed upon observa- 
tions made between sunrise and sunset only, and are determined upon 
a scale of to 10, representing total absence of clouds, and 10 the 
condition of cloudiness which would obscure every portioa of the 
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sky above the horizoa. The average for the entire period is 5.3. 
This may be understood in two ways: that on the average the sky 
is totally clouded for a little more than half the time, or that some- 
what more than half the sky is clouded during the whole time from 
sunrise to sunset. The proportions vary from month to month and 
from year to year, the greatest annual cloudiness beii^ in 1909, a 
wet year, with an average of 6.1; and the least in 1895, a year of 
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nearly normal precipitation and of low humidity, with an average 
of 4.4. Cloudiness is considerably greater in the winter than in 
the summer, especially in November, December, and January, when 
the trend of temperature is downward and a comparatively little 
amount of moisture is sufficient for saturation. The least cloudiness 
occurs in the warm months of July and August, when the moisture 
capacity of the air is greatest, and the changes in temperature from 
day to day are relatively slight. The greatest cloudiness in a single 
month occurred in January, 1911, 7 . 9, a month of precipitation below 
the normal; while the least, 1.9, occurred in July, 1894, the month 
of lowest humidity, when there were only 2 days with appreciable 
precipitation. There is ordinarily a direct relation between cloudi- 
ness and humidity (relative), and between cloudiness and frequency 
of precipitation, but the relations are not strongly indicated in the 
average values. Then, too, clouds form and dissolve in strata of 
atmosphere entirely different from that in which the humidity obser- 
vations are made; and, further, several types of cloud structure are 
recognized as accompanying fair-weather conditions. As a result, 
the relationships mentioned are interrupted to such an extent that it 
is impracticable from the present data to fix the amount of depend- 
ence of the one upon the others. 

CLEAR, PARTLY CLOUDY, AND CLOUDY DAYS 

The Weather Bureau classes each day as clear, partly cloudy, or 
cloudy, according to its position in the scale of cloudiness from to 10 : 
viz., clear, to 3; partly cloudy, 4 to 7; cloudy, 8 to 10. Table 
CXVI contains the number of days of each class for every year since 
1873. The averages show an almost even division, with a slight 
excess in favor of partly cloudy days, 115.6 clear, 135.6 partly 
cloudy, and 113.9 cloudy days. There is, nevertheless, a great 
variation in the division from year to year. Ordinarily, the year 
which has a very small number of clear days is characterized by a 
considerable excess of cloudy days, but this relation is not always 
the case. A notable exception was the year 1885, in which occurred 
only 99 clear days and 93 cloudy days, with the greatest number of 
the intermediate character on record, 173. In 1895 the greatest 
number of clear days occurred, 162, while the number of cloudy 
days, 73, was the least in occurrence in the whole period for any of the 
three classes. This was the year of least cloudiness, as shown in the 
previous paragraph. The least number of clear days occurred in 
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1873, when there were but S6, and in that year there were 132 cloudy 
days, although there are several years in which the latter number was 
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Fia. 54. — Relative frequency of clear, partly cloudy, and cloudy days. 



exceeded. The greatest number of cloudy days occurred in 1909, 
there being 155, and the year as a whole had the highest average 
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cloudiness. The years 1873 and 1905 had precipitation slightly 
above normal, and 1895 nearly normal. The division of clear, 
partly cloudy, and cloudy days for the official period is graphically 
illustrated in Fig. 54. 

TABLE CXVII 
Atxraqi Monthly and Annual Number or Cliab, Pastlt Cloudy, and Cloudy Days, 1873-1910 
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The average number of such days in each month is shown in 
Table CXVII. The average values only are given, as too much 
space would be required for the data in detail, which are of only 
minor importance. The greatest number of clear days occurs in 
summer, while the greatest number of cloudy days prevails in 

TABLE CXVIU 
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Table CXVIU gives the times of sunrise and sunset, length of twilight, and possible hours of sunshine on 
the 20th of each month; also the equation of time, approximately, Chicago, 111. 



winter. The relatively high frequency of clear days in May is due 
to the prevailing lake wind during that month, which, with its 
temperature increasing as it blows over the warmer land, dispels the 
clouds and reveals the deep azure of the unveiled sky far into the 
interior (p. 217). A few of the records of the individual months are 
worthy of note in this connection. The greatest number of clear 
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days in any one month was 25, in July, 1894, and in this month there 
were only 2 cloudy days. Not a sit^Ie cloudy day occurred in 
July, 1895, July, 1898, or in August, 1896. Except in the second of 
these, when there were 22 clear days, most of the record is made up 
of days with intermediate cloudiness. There were 22 cloudy days 
in November, 1876, December, 1907, and January, 1909, when there 
were but 2, 6, and 4 clear days, respectively. 



Table CXVIII gives the time of sunrise and sunset for the 20th 
day of each month, also the length of twilight on that day, the num- 
ber of hours of sunshine possible, and the correction which must be 
applied to mean sun time to give 90th meridian time, the standard 
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Fio, 55. — 'Relative duration of daylight, twilight, and darkness. 

of time used in Chicago. On July 20, for instance, the sun is in 
the meridian, and casts a true north shadow, at exactly (12:00:00 — 
00:3:24) 11:56:36 a.m. The duration of light, twilight, and dark- 
ness, and the relation of each to sunrise and sunset, is shown graph- 
ically in Fig. 55. 



AVERAGE SUNSHINE, MONTHLY AND ANNUAL 

Previous to 1894 no satisfactory instrument was available for 
recording the duration of sunshine, but at the beginnii^ of that 
year thermometric recorders were installed and a continuous record 
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has since been secured. This instrument makes record of the dura- 
tion of sunshine only, and does not distinguish in any way the 
differii^ intensities of the sun's rays. It is adjusted to b^in its 
record whenever the actual disc of the sun is visible, even though 
clouds intercept a portion of the sunlight, and as a consequence 
sunshine may be continuous when a thin stratum of cloud covers 
the entire heavens. 

1. Average duration of sunshine in hours. — Table CXIX shows the 
average daily number of hours of sunshine by months and years 
from 1894 to 1913, inclusive. Ordinarily, we should expect an 
inverse relation between the average duration of sunshine and the 



I Feb I Hv. I April Miy ' Jane July | Aii«. Sept. | Ool. 



average amount of cloudiness, and in the main this relation exists. 
For instance, in January, 1911, the average cloudiness was 7.9 
(Table CXV), considerably above the mean for that month of the 
year, and the average duration of sunshine was but 2.6 hours for 
each day, the lowest value for January on record. In September, 
1908, the average cloudiness was 2.8, while the average duration of 
sunshine was 10.6 hours, the former being nearly as much below 
the mean as the latter was above. Yet this inverse relation is not 
always in force. A few dense clouds may obscure the sun for loi^ 
periods, whereas an extensive layer of thin cloud may cause no 
interruption of sunshine. In winter the same amount and kind of 
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cloud may veil the sun for a much longer period of time than would be 
the case in summer, because his rays come to us at a much greater 
inclination from the vertical. Broken clouds before the sun, when 
near the horizon, for the same reason interrupt sunshine to a greater 
extent than would the same clouds in the meridian at noon. The 
greatest duration of sunshine is, of course, in the summer months, 
when the days are longest. Only about 9 hours of sunshine are pos- 
sible on a December day, while in June there may be over 15 hours 
of sunlight (Table CXVIII). Because of this variation in the 
length of the day, comparison of the length of sunshine in hours 
throughout the months of the year is not practicable, more than to 
call attention to the average duration of sunshine on a day in early 
summer, 10.6 hours, as compared with one in early winter, 3.8 
hours. No month has ever reached its possible duration of sunshine, 
and none has ever fallen to half its average duration. The month 
of June, 1896, was marked by the greatest number of hours of sun- 
shine, averaging 12.8 hours for each day. December, 1895 and 
1896, averaged only 2.5 hours of sunshine for each day, the former 
being a month of unusual wetness, while the latter was the driest 
December on record. 

2. Percentage of possible duration. — The average percentage of 
possible sunshine affords a good basis of comparison from month 
to month and from year to year, and such data are presented in 
Table CXX. From this it will be seen that the greatest proportional 
amount of sunshine is received in July, 71 per cent of the amount 
possible, and that there is a gradual decrease thereafter through 
October, the decline becoming sharp in November and reaching the 
minimum for the year in December, 41 per cent. After December 
the monthly averages increase to the maximum of the following 
summer. From June to September, inclusive, the record shows more 
than 80 per cent of sunshine in several instances, that of 86 per cent 
in the dry September of 1895 being the absolute maximum, although, 
of course, the actual number of hours during which the sun shone 
was less than in many cases in the summer months, as the Septem- 
ber day is about three hours shorter than the June day. The most 
remarkable record in the table, however, is that of March, 1910, 
with 84 per cent of the sunshine possible. No other March has 
received more than 68 per cent, and in only three other instances 
has the average reached 58 per cent. This was the warmest, driest, 
and sunniest March since the official records began. On only one 
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day did the temperature fall below the normal, and precipitation in 
appreciable amounts occurred on .only three days. The sun shone 
continuously from sunrise to sunset on ten days, and on seven others 
the amount was 90 per cent or over. From November to February, 
inclusive, no record has reached 70 per cent, while in December none 
has exceeded 53 per cent. As low as 28 per cent of the possible 
TABLE cxx 
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amount of sunshine has been experienced twice in the period of 
record, both instances being in December, in 1895 and 1896, respec- 
tively (p. 259). The reasons for the low percentages of sunshine 
in November, December, and January — less than 50 per cent in each 
month — are to be found in the same conditions which produce 
excess of cloudineaa at that time of the year (p. 254). 



HOURLY SUNSHINE CONDITIONS 

1 . Average hourly percentage of sutishine, by months. — Table CXXI 
shows the average hourly duration of sunshine, by months, from 1894 
to 1910, inclusive, and the same data are graphically portrayed in 
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Fig. 56. The period of most sunshine is limited to a few hours before 
and after noon in the months of June, July, and August, when the 
average is 80 per cent or more of the amount possible, and the least 
sunshine is received just after sunrise in the winter months. On 
the average, for the year as a whole, the greatest amount of sunshine, 
69 per cent, occurs from 11 a.m. to 1 p.m. 

2. Sunshine phases, — The chief phases of sunshine phenomena 
are shown in Table CXXII. The time of occurrence of the mean 
percentage of sunshine for the month varies from season to season, 
somewhat after the manner of the mean temperature (p. 136), while 
the equated time of maximum sunshine condition is 12:30 p.m. In 
summer the first mean occurs earlier than the average, 9:22 a.m., 
and the second later than the average, 3:58 p.m. In winter the oc- 
currence is reversed, the first mean occurring later and the second 
earlier than the average. The mean percentage is shown in the 
column of the first mean, and its value in hours of sunshine in the 
column of the second mean. The figures in this table, of course, 
harmonize with those in Table CXXI, except that they show exact 
times. 

number of days with one hour or more of sunshine, annual 

and monthly 

During the summer season a day with less than 1 hour of sun- 
shine seldom occurs, and even in the winter months, when the mean 
duration of sunshine is less than 50 per cent of the amount possible, 
the number of days with 1 hour or more of sunshine averages some- 
what more than 3 in every 5 days. These facts are brought out 
by Table CXXIIa, which gives the number of such days for each 
month and year from 1894 to 1913, inclusive. The average numbers 
for June and July each come within 1 of the number of days in the 
month; and in 14 of the 20 years' record of the former the sun 
shone on every day for at least 1 hour. This is also true in 10 years 
for the month of July, and in 7 years for the month of August. 
There are a few occasions of the kind in March, April, May, and 
September, but none from October to February, inclusive, although 
some of the monthly records are quite high as compared with the 
average values. There are several reasons for the greater frequency 
in the summer months of days of 1 hour or more of sunshine. The 
interval between sunrise and sunset is considerably longer in that 
season (p. 263); because of temperature conditions and of storm 
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Fio. 56. — Mean hourly sunshine. 
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movement, cloudiness is on the average greater in winter than in 
summer (p. 254); and while the total precipitation is much heavier 
in the latter season, the frequency of days with precipitation is 
decidedly less (p. 167), and periods of rainfall are relatively brief. 



NuMiD or nin Eiea Mana i 



TABLE CXXlIs 
YuB mm On Bova m Hou ch 



; Ftb. I Mv. I April | Mty ) June July | Aug. I Sepl. Oel. j 



M I 30 31 

31 I 3U 18 

» ' 17 30 

29 I 30 31 
2» , 30 30 
» H :8 
» 30 31 

» 30 M 

30 ' 30 31 

29 I 30 M 

» IS 3d 

M 30 31 

30 a7 30 
il 30 31 
30 30 » 
19 30 31 
!t 30 31 



, 77.0 2S.1 :i.« 19.8 303.1 



As a result, therefore, of the longer days, and of the conditions of 
temperature, cloudiness, and precipitation, the summer months are 
far more favorable for the occurrence of sunshine than are those of 
the cold period. 

LONGEST FERIOns OF SUNSHINE 

It occasionally happens that periods of settled weather with 
continuous sunshine from sunrise to sunset extend over several days' 
time. Table CXXIII designates all such periods of 4 or more con- 
secutive days from 1894 to 1913, inclusive. It is apparent that these 
periods are more frequent in the early autumn than at any other 
time, although a number have occurred in the early spring. They 
happen seldom in the summer because of the active convection cur- 
rents of warm afternoons, which usually give rise to clouds of the 
cumulous type and so interrupt at intervals the rays of the sun. They 
are also very infrequent in winter, because of the favorable conditions 
for cloud formation then prevailing (p. 254). The longest periods 
of continuous sunshine, 8 and 7 days in extent, occurred in the 
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autumn, the first from September 27 to October 4, 1897, and the 
second from September 5 to 11, 1908. In 1901, the year of least 
precipitation in the official records, and one of repeated drouths, 
there were six periods of four or more days of continuous sunshine, 
while 1906 and 1911 were marked by three each. 



LONGEST PERIODS WITHOUT SUNSHINE 

In the winter season several days may occur in succession with 
skies so heavily clouded that no sunshine is recorded. These periods, 
wherever they have covered 4 or more consecutive days, are indi- 
cated in Table CXXIV. The longest period on record is one of 

TABLE CXXIU 

Pebiodb or Foirm ob Morb ComicuTmi Days with 100 Pbb Cknt or Sumbhiiib, Auoust, 

1803, TO Dbcimbbb, 1913 



Yew 



From 



To 



1804 1 September 25 

1895 1 October 16 

1807 September 27 

1800 August 16 

fAprU25 
July 10 
Septembers 
September 21 
October 10 
October 27 
January 15 
October 20 
Octobers 
May 10 
JuoeO 
September 15 

1008 : September 5 

April 22 
1011. 



1001. 



1003. 
1004. 
1005. 

1006. 



1913. 



May 4 

June 30 
April 14 
April 20 
June 8 



September 28 
October 10 
0ctober4 
August 10 
April 20 
July 23 
September 6 
September 24 
October 23 
October 30 
January 18 
November 1 
October 8 
May 22 
June 12 
September 18 
S^tember 11 
April 25 
Mify7 
July 4 
April 10 
May 2 
June 14 



No. Daya 



10 days, from December 16 to 25, 1895. Another of 9 days occurred 
from February 4 to 12, 1897. No periods of the kind have ever 
occurred in the summer months, but one of 4 days was recorded in 
September, 1902, and one of 5 days in May, 1908. Otherwise, their 
occurrence has been confined to the months from November to 
February, inclusive. 



COMPARISON OF AVERAGE PERCENTAGE OF SUNSHINE AT CHICAGO 
WITH THAT OF OTHER PORTIONS OF THE UNITED STATES 

Table CXXV gives the percentages of sunshine by months and 
years for the same cities of the United States as were used in the 
comparisons of humidity and precipitation (pp. 247, 165), and the 
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values are illustrated in Fig. 57. In making comparisons, however, 
it should be borne in mind that the length of day, as well as the 
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percent^e of sunshine, is an important factor; and that the length 
varies more and more from summer to winter as latitude increases. 
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The greatest proportion of possible sunshine occurs in the arid regions 
of the Southwest, represented in the table and graph by Yuma, Ariz., 
and M Paso, Tex., while the elevated plateaus of the Rockies, and the 
Plains states to the east, have also comparatively high percentages. 
The regions of least sunshine are those of the northeastern sections, 
near which most of our storm areas pass in their egress into the 
Atlantic. There is no uniformity in the amount of possible sunshine 
by months in the section of the country east of the Rockies, but, as a 
rule, it is greatest in summer time, and this is always the case in 
Chicago, as stated above. In the Pacific coast region, moreover, the 
season of protracted sunshine corresponds to the dry season there, 
while a falling oflf occurs in the colder months of the year. 

OCCURRENCE OP DENSE FOG 

In the usage of the Weather Bureau fog is designated dense when 
objects at a distance of 1,000 feet or less are entirely obscured. Rela- 
tive humidity in a dense fog is usually 100 per cent, but occasionally 
in the midst of large cities oily vapors discharged from innumerable 
chimneys condense upon the fog particles and prevent evaporation, 
even when the humidity of the air is considerably below the satu- 
ration point. Possible instances of this kind occurred on Sep- 
tember 10, 1888, and on October 18, 1889, when the records show 
dense fog with relative humidities of 52 and 58 per cent, respectively. 
Fogs in Chicago are sometimes blown in from the lake, but in winter 
they are usually caused by warm air coming in contact with snow- 
covered ground, or after a severe cold spell by moist lake winds 
blowing over the colder surfaces of the ground, whether snow- 
covered or bare. Ordinarily, fog is not to be taken as an indication 
of the approach of precipitation, but rather the reverse. This is 
especially true during the summer months, when fog occurs early 
in the morning, or in low places at night, but is rapidly dispelled after 
sunrise by the increasing heat of the day. 

Prior to 1895 the same distinction as is made today between light 
and dense fog was not taken into account, so that a complete record 
of the occurrence of dense fog is limited to the period 1895 to 1913, 
inclusive, and the data are shown in Table CXXVI. The years 1900, 
1903, 1904, and 1911 were marked by a comparative frequency of dense 
fogs, there being 26, 25, 20, and 20, respectively, while the average 
occurrence for the year is 13 . 7. The year 1908 was freest from such 
phenomena, with only 6 occurrences. In the individual months, 
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March is the time of greatest frequency, and July that of least, there 
having been but three dense fogs in the latter month within the period 
of record. In March, 1903, dense fog occurred on 10 dajrs, and four 
of these were consecutive. The average number for the year, or for 
any month of the year, is not lai^e, and it is only seldom that the 
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conditions of fog are such as to interfere materially with transporta- 
tion. Occasionally dense fogs at night are, by the greater heat of the 
day, rendered less dense, but become dense again the followii^ night; 
although it is not often in Chicago that fogs of either kind continue 
through the entire twenty-four hours. 



DARK DATS 

Sometimes in the morning of a week day, and usually in cold 
weather, a combination of heavy clouds, fog, and smoke hangs in a 
pall over the city, and the condition occasionally extends over a period 
of several hours. On these "dark days" objects can be seen on the 
street only with great difficulty, if at all, unless artificial light is used, 
and at such times it is commonly found necessary to use the streetr- 
lighting system the same as if it were night. The intensity of these 
conditions in Chicago, however, is never as ^gravated as that of the 
famous London fogs which occasionally bring all traffic to a standstill. 
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Such conditions occur in Chicago only when the wind is so light as not 
to carry the smoke away, and the sooty particles become coated with 
moisture from the fog and settle to the strata near the surface, while 
the heavy clouds above prevent immediate dissipation by the heat 
of the sun. It is seldom that the condition continues past the middle 
of the day, as by that time the wind usually reaches a velocity suffi- 
cient to relieve the situation. Table CXXVII gives a list of such 
"dark days" from 1902 to 1913, inclusive. Prior to that period such 
days were classed as days with fog, so that they are not readily dis- 
tinguishable in the records. During the 12 years beginning with 1902 
there have been 52 days which come under the classification of 
"dark days," as given above, 17 occurring in December, 9 in January, 
6 each in February and March, while the other months with the 
exception of May have had from 1 to 4 each. Of the total number, 
15 were marked by the intense darkness of night, and these are 
indicated in the table by the dagger (t). Sometimes a considerable 
degree of darkness is caused by clouds alone during or just previous 
to a severe thunderstorm in summer, and either fog or smoke may 
bring about a medium darkness, but the dates in the table are those 
upon which the condition was most pronounced, and are due to the 
combination of factors described in the first part of the paragraph. 

EFFECT OF CLOUDS AND SUNSHINE UPON TEMPERATURE AND 

HUMIDITY 

Following the discussion of the conditions of cloudiness and 
sunshine, it will be interesting to note their effect upon temperature 
and relative humidity. For this purpose a period of 3 days has been 
selected upon which the cloudiness and sunshine varied considerably, 
and when no lake wind prevailed to increase the moisture content 
of the air, and only the ordinary diurnal changes in velocity occurred, 
May 17, 18, 19, 1910, and the relations are shown in Fig. 58. The 
condition of weather is indicated at the bottom of the graph, solid 
black strips representing cloudy, shaded strips partly cloudy, and 
open strips clear conditions, respectively. 

During May 17, when the weather was cloudy, there was not 
much variation in temperature, except in that portion of the after- 
noon in which the clouds broke away temporarily, and the range 
for the day was but 8°. On the following day the temperature rose 
rapidly under continuous sunshine, the range being 28°, while on the 
last day of the period the diurnal change, although pronounced, was 
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not BO great as on the day previous, because more or less cloudiness 
prevailed. The range on this day was 20°. It will thus be seen how, 
other influencing factors being fairly constant, the temperature 
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responds to the action of clouds and sunshine. There is compara- 
tively little range during cloudy weather in either day or night, but 
in clear weather relatively low minimuins are experienced at night, 
and relatively high maximums in the day. The effect of clouds 
and sunshine upon relative humidity is also quite plain, the curves 
taking the opposite direction to those of temperature, with fully 
as close response to the variation of condition. The changes in 
relative humidity in this illustration, however, are rather the results 
due to changes in temperature which are caused by the var3ring con- 
ditions of cloudiness and sunshine. Had the temperature remained 
constant throughout the entire time, the changes shown in the 
relative humidity would not have occurred. There would, never- 
theless, have been a slow rise toward total saturation, such as 
occurred during that portion of the 17th when the temperature 
remained nearly stationary at 58°. We may, therefore, say that 
changes in relative humidity, other things being equal, are effected 
through variations in temperature resulting from the prevailing 
conditions of cloudiness and sunshine. 



PART V 

WIND DIRECTION AND VELOCITY 



WIND DIRECTION AND VELOCITY 

The wind instruments, of course, were moved with every change 
in the location of the Weather Bureau office. From November 1, 
1870, to June 8, 1873, they were exposed successively in three different 
locations, and since the latter date four changes have been made. 
The elevation of the anemometer has been raised with each change 
since 1873 to its present altitude above the surface, 310 feet (p. 370). 
The elevation of the anemometer in securing records of wind move- 
ment and velocity is an important factor, as will be brought out in a 
later paragraph, and also that of the influence of the surrounding 
objects. The record of wind direction, however, does not depend 
in nearly so large a degree upon the character of the exposure of the 
wind vane, or anemoscope, and the position of that instrument in all 
locations was excellent. The wind instruments and even the sun- 
shine recorder in order to have good exposures must be placed at 
elevations considerably above the roofs of the surrounding buildings, 
while this is not essential in the case of the thermometers and rain 
and snow gages. For example, at present the anemometer, anemo- 
scope, and sunshine recorder are on top of the dome of the Federal 
Building, while the thermometers and precipitation gages are placed 
on the roof of the north wing of the building, 170 feet or more lower 
down. 

The anemometer and its register afford a record of the actual 
number of miles of wind which pass the instrument, and this record is 
designated the total wind movement for the hour, day, month, or 
year, as the case may be. The average hourly velocity of the wind 
for any day is the total movement of that day divided by 24, the 
number of hours in the period; the average monthly velocity and the 
average yearly velocity are obtained in similar manner, but the 
values are always given in miles an hour. It is obvious that the 
highest velocity for a day, or for a storm, is seldom maintained through 
the extent of an hour, and in obtaining this value, called the maximum 
velocity, the period of five minutes in which the wind blew at its 
fastest rate is taken as the basis of calculation. All references to 
maximum velocities in the ensuing pages will be understood, there- 
fore, to be for the 5-minute period of highest rate of movement. At 
different times during the maintenance of the wind records it was 
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customary to measure the rate of the fastest mile in each day's wind 
movement, and to record this value as the extreme velocity. How- 
ever, the periods of such record are broken, and as a consequence no 
data on extreme velocities are presented in this bulletin, except for 
a single reference to the fastest mile so far as known (p. 289). 

Only eight possible directions of the wind are considered in 
Weather Bureau practice; namely, north, northeast, east, south- 
east, south, southwest, west, and northwest, and no intermediate 
directions appear in the automatic records. A record of northeast 
therefore means that the position of the vane at the time was nearer 
northeast than either north or east. The term "prevailing wind di- 
rection" is used to indicate the direction of wind which obtains 
longer than that of any other quarter. It does not necessarily mean 
that the prevailing wind blows for a longer time than those from all 
other directions, and in fact it often happens that the prevailing 
direction occurs in a relatively small portion of the whole time for 
which the record is made. For instance, should the wind blow from 
the northwest for 4 hours of the day, and during the remainder of 
20 hours be divided among the other seven points of the compass so 
that none persist for 4 or more hours, northwest would be considered 
the prevailing direction for that day. Again, should the wind blow 
on any day from the northeast for 7 hours, and from the southwest, 
south, and southeast for 6, 6, and 5 hours respectively, it would 
be classed as a day having its prevailing direction from the northeast, 
although, as a matter of fact, the wind blew from some southerly 
direction for more than two-thirds of the entire day. The illustra- 
tions are extreme, of course, but such cases are entirely possible, 
and some instances will be pointed out later where winds of com- 
paratively short duration are recorded as the prevailing winds for 
the periods in which they occur. The term "prevailing wind 
direction" is used with reference to the hour, the day, the month, and 
the year. The prevailing direction for the day is determined from 
the prevailing directions of its hourly record; that of the month, 
from its daily record; and that of the year, from its monthly record. 
The determination of the prevailing direction for the day, month, 
and year is therefore based upon the number of occurrences of pre- 
vailing directions for the next smaller unit, and not upon the actual 
length of time occupied by each direction. For example, supp>ose 
north and west winds be the prevailing hourly directions for a period 
of several days, as given in Auxiliary Table K. Calculated, as is the 
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custom, from the prevailing directions of the three days, the pre- 
vailing direction of the period would be recorded as north; as a matter 
of fact, the west wind during the period blew for 41 hours against 
only 31 hours of north wind, and loest, therefore, is the true prevailing 





AUXILIARY TABLE K 








North 


West 


Prerailing Direction 


Rut day 


13 hours 

3 hours 

15 hours 


11 hoars 

21 hoars 

9 hours 


North 


Swondday 


West 


Third day 


North 







direction. The occurrence of such differences, however, is very infre- 
quent, but attention is called here to the possibility, and later an 
interesting case of the kind, extending over a record of several years, 
will be pointed out (p. 301). 



PREVAILING WIND DIRECTION, MONTHLY AND ANNUAL 

The prevailing wind direction for the various months and years 
from 1872 to 1913, inclusive, is shown in Table CXXVIII. For the 
entire period the prevailing direction is southwest, and this is true by 
decades also except that of 1891 to 1900, which was northeast. This 
decade covered a portion of the 15-year period when the Weather 
Bureau occupied quarters at the Auditorium Tower, and its proximity 
to the lake may possibly have turned the scale in favor of the north- 
east wind. This theory seems plausible in view of the fact that north- 
east winds continued to be the more frequent up to the close of the 
Auditorium Tower period in June, 1905 (see also p. 301). The 
lake controls the wind direction during much of the spring and early 
summer, but throughout the remaining months of the year the 
movement is chiefly from the southwest, and were it not for lake 
influence (p. 142), the preponderance from this direction would at all 
times be decided. During the 42-year period the prevailing direc- 
tion was southwest for 24 years, northeast for 8 years, north and 
south for 4 years each, and west for 2 years, while northwest, south- 
east, and east have never been the prevailing yearly direction. It 
would ordinarily be expected that the years in which the prevailing 
direction was north, 1881, 1883, 1884, and 1885, were unusually cold. 
The first of these was warmer than the average, and while the remain- 
ing three were below the yearly normal, none had a deficiency in 
temperature reaching 2** (Table I). Of these four years, 1883 and 
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1885 were the most severe, averaging 1 . 8° and 1 . 5° below the normal, 
respectively, but the deficiency was due largely to cold weather of the ' 
winter months, when the prevailii^ wind direction was southwest 
or west. As a matter of fact, many of the severest cold-wave areas 

TABLE CXXVm 
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which affect the temperature of Chicago pass the city to the west and 
south, and in some cases the cold is ushered in and maintained by 
winds blowing from west to southwest, but the usual direction of the 
cold-wave wind is northwest. Except in winter cold-wave conditions. 
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however, the north wind is generally colder than winds from west 
through south to east, and the average temperatures of most of the 
months in which north winds prevailed were below the normal for 
the period; but the prevaiHng yearly direction of north recorded 
for the particular years in question was not so much on account of 
the great frequency of north winds, as it was because of the com- 
parative infrequency of winds from any other one direction. In 
three of the years, north was the prevailing direction in only 4 months 
each, other directions being somewhat equally distributed through the 
remaining months. 

TABLE CXXVIIIo 
Frbqusnct or Momthlt Psevaiuno Wind Dirbctions, 1872-1912 
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In Table CXXVIIIa the prevailing wind direction as shown above, southwest, differs from that in Table 
CXXXV, northeast, as the data included above are fw a period of 41 years, while in Table CXXXV only 19 years 
are included. 

In regard to the months individually, the prevailing direction of 
southwest is also most frequent, as will be seen in Table CXXVIIIa, 
which gives for each month the number of prevailing directions from 
each of the eight principal points of the compass. For the whole 
period southwest was the prevailing monthly direction 171 times, and 
northeast is next in order with 112. These two directions take up 
58 per cent of the total record. The southwest wind has been the 
prevaihng direction in all months of the year, but that from the 
northeast has never been the prevaihng wind in December or Janu- 
ary, and it has but seldom been recorded as such in November or 
February, beginning with March, however, its frequency increases 
through May, and it remains prominent during the summer months, 
driving the high temperatures from the lake shore (pp. 37, 142), and 
establishing the reputation of the city as a summer resort. 
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Southwest and south winds are, of course, on the average warmer 
than those of any other direction, because they approach the city from 
the broad land expanse of the interior; and northerly winds are 
marked by relatively low temperatures (p. 145). However, the pre- 
vailing direction of any month cannot be taken as a certain indica- 
tion of the general character of the temperature conditions during 
that period. For instance, while March, 1910, the prevailing wind 
direction of which was southwest, was the warmest March on record, 
the prevailing direction of the warmest July, that of 1901, was north- 
east, and the prevaiUng direction of the coldest July of official record, 
1891, was southwest. In March, 1910, southwest winds prevailed 
for an average of 23 hours each day; in July, 1901, northeast winds 
were the prevailing winds for a daily average of 13 hours, southwest 
for 9 hours, and south for 2 hours. Hourly records of wind direction 
for July, 1891, are not available. Where, however, the prevailing 
direction for the month is, on the average, the prevailing direc- 
tion also for most of the 24 hours of the day, the influence of the 
wind shows plainly in the temperature conditions. Such a case was 
March, 1910, mentioned above; and January, 1893, a very cold 
month, in which the prevailing wind direction was northwest for an 
average of 23 hours each day. 

TOTAL WIND MOVEMENT, MONTHLY AND ANNUAL 

Table CXXIX contains the total wind movement by months and 
years from 1873 to 1913, inclusive. It is apparent that the movement 
and the resulting velocities are greater in winter than in summer. 
The values obtained at one location, however, are not comparable with 
those of another. For instance, the average hourly velocity for the 
period of 15 years at the Major Block is 8 . 3 miles, while for the 3 years 
following at the Chicago Opera House Building, the average is 10 . 4 
miles. The elevation of the anemometer at the two places was 103 
and 153 feet, respectively. From February, 1890, to June, 1905, 
inclusive, with an elevation of 274 feet, the average hourly velocity at 
the Auditorium Tower was 17.2 miles, but at the still higher exposure 
at the Federal Building, 310 feet, from July, 1905, to December, 1910, 
inclusive, the average velocity was 14.3 miles an hour, or 2.9 miles 
less than at its preceding location, where the elevation was 36 feet 
lower. While, of course, wind velocities do not necessarily average 
the same for different periods of years, even if the registering instru- 
ment remains in the same position, and with no change in the sur- 
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rounding objects, there can be no doubt that the great differences 
in average hourly velocity shown in the figures just quoted are in 
a large measure due to just such changes. We should ordinarily 
expect the velocity at the Federal Building, on account of the higher 
elevation of its exposure, to be greater than that at the Auditorium 
Tower, but instead it averages somewhat lower. Up to the time the 
ofiice was removed from the Auditorium, however, its tower was a 
comparatively isolated structure and there was a free approach to the 
anemometer from all sides. On the other hand, the dome of the 
Federal Building, upon which the instrument is now located, although 
rising above the former exposure, is yet in a way hemmed in by sur- 
rounding buildings of nearly the same height, and the movement of 
the wind is retarded by these obstructions. A comparison in detail 
is made below between synchronous records obtained at the Audi- 
torium Tower and the Federal Building. 

An anemometer records merely the velocity of the wind at the 
point where it is stationed, and it is by no means a measure of the 
force of the wind in any other place of dissimilar conditions. Com- 
parative wind velocities at a single location, however, are of value, 
because the higher the wind at any place, the higher it is likely to be 
at some point close by, and the variation of the record of velocities 
during storms furnishes useful information as to the relative severity 
of the storm. 

Fig. 59 shows, by months and years, the relative force of the 
wind at the four locations occupied by the Weather Bureau ofiice. 
The records from which the graph was drawn do not cover synchro- 
nous periods, so that some degree of the variation must be charged 
directly to actually differing velocities in the general current. 

For the six months from July 1, 1905, to December 31, 1905, 
registers were maintained at both the Auditorium Tower and the 
Federal Building, and the relative movements for the different loca- 
tions are illustrated in Fig. 60. For all directions the average 
movement at the Federal Building is only 90 per cent of that at the 
Auditorium Tower. It is less than 90 per cent from northeast 
through east to southwest. The Auditorium is situated near the lake, 
and there is practically nothing between to obstruct the passage of 
the wind, and to the south and southwest at the time of the Weather 
Bureau's occupancy of the tower all buildings in the business district 
were much lower, so that the fiow of air at the level of the anemometer 
was but little held back by surface friction. Buildings interfered 
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latter for the period from Julj", 1905, to December, 1910, with that 
of the 15-year period at the Auditorium, b only 85 per cent. This 
iQcreaxed difference between the aver^es of the two places doubtless 
in due for the moet part to a decrease in wind velocity at the Federal 
Buildinf; on account of the large number of sk^-scrapers that have 
been erected near it since 1905. 

Further information as to the effect of exposure on the move- 
ment of wind is afforded by a short record maintained at the storm 
warninR tower near the Life Saving Station on the breakwater at the 
mouth of the Chicago River, beginning with August, 1911. The 
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anemometer here was located 60 feet above the surface of the lake 
about 1^ miles from the Federal Building, where the official instru- 
ment is placed, 310 feet above the ground, and 323 feet above 
the lake. The difference in elevation is therefore 263 feet, and yet, 




Fig. 60. 

Total movement, all directions, Federal Building : Total movement, all directions. Auditorium : : 90:100 
310 ft. elevation 274 ft. elevation 

Fig. 60 contains a wind rose based upon the wind movemoit from all directions during the same period at 
both the Auditorium Tower and the Federal Building, the dotted curve representing the Auditorium record and 
the solid black curve the record at the Federal Building. The relation between the two reoords is ezpresnd 
beneath the wind rose in the form of a proportion. 

with the exception of west and northwest winds, the movement at 
the breakwater is almost uniformly higher than that at the Weather 
Bureau office. The average velocity for the year ending July, 1912, 
was 13.4 miles an hour for the Federal Building and 14.1 miles an 
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hour for the anemometer at the breakwater. The greatest difference 
was in March, when the movement of the former was but 90 per cent 
that of the later, but in the following May it was slightly in excess. 
While the anemometer at the breakwater had only a moderate ele- 
vation, it suffered from no obstructions near by in any direction, 
while the position on the dome of the Federal Building is affected 
by surrounding high structures. 

AUXIUARY TABLE L 
CoMPAHiBON or Wind VBLOcrrm at thb FionuL Building and at ibi Brxakwatbe, Chicaoo, 

AnousT, 1911, TO JuLT, 1912 
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The data above are based upon calculations involving the total 
wind movement from all directions, and give the average velocities 
at the Federal Building to be 95 per cent of those at the breakwater. 
There is a great difference, however, in the velocities at the two places 
when the wind is from the free surface of the lake, the official ane- 
mometer recording a much lower velocity ; while with winds from the 
west and northwest, which must pass over the structures of the city 
before reaching the breakwater, the velocity is sUghtly higher at 
the Weather Bureau office, as the anemometer there is reached first. 
The figures below indicate this variation nicely. Two days each of 
lake and land winds have been selected, with light and moderate 
winds in each pair, and with conditions of cloudiness nearly equal, 
and the results are given in Auxiliary Table M. 

AUXILIARY TABLE M 
Comparison op Wind VcLOcrrucs at ths Federal Buildinq and at the Breakwater, Chicaoo, 

Lake ksb Land Winds 



Lake Winds (N£) 






Land Winds (NW) 




Date 


Federal 
Building 


Break- 
water 


Per- 
centage 


Date 


Federal 
Building 


Break- 
water 


Per- 
ceatoge 


February 20. 1912.... 
April 17, 1912 


14.1 
21.0 


17.2 
33.1 


82 
63 


January 15. 1912 

February 9, 1912 


20.3 
12.2 


19.5 
11.8 


104 
103 



With winds from the lake the excess in velocity of the location 
on the breakwater increases with high winds, as shown; and while 
there is but little variation with land winds, the velocity at the 
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Federal Building is the greater, although the difference is not large, 
and it increases but slowly as the wind rises. In each case above, the 
direction of the wind was as indicated for by far the greater portion 
of the day. It varied a little at the two locations, but in the illus- 
tration of the lake wind it was always from the water surface; and in 
that of the land wind, from the west during the small time it shifted 
from the northwest. 

As a rule, with free exposures or with similar exposures, as has 
been indicated previously, the velocity increases with the altitude. 
In experiments made in the cranberry marshes of Wisconsin it was 
found that the velocity of the wind at 4 . 7 feet above the surface of the 
marsh averaged 4 . 5 miles an hour for an entire season, while that at 
an elevation of 50.5 feet, near by, averaged for the same time 9.0 
miles (Cox, Bulletin T, United States Weather Bureau). Milham 
states that on the Eiffel Tower, 990 feet above the ground, the 
velocity is 3 . 1 times that recorded at an altitude of 60 feet {Meteor- 
ology y p. 145). It will thus be seen that the velocity of the wind 
depends largely upon altitude, buildings, and character of the surface 
passed over. 

GREATEST DAILY WIND MOVEMENT, BY MONTHS 

In Table CXXX are given the greatest wind movements occurring 
in any day of the month, for the total period of Auditorium Tower 
and Federal Building records. Previous records are so affected by 
the lower exposures of the anemometers that comparisons would 
be impracticable. Indeed, in making exact comparisons between the 
velocities of the two locations represented in the table, the Federal 
Building values, which begin with July, 1905, should be increased 
by at least 10 per cent. The greatest daily wind movement, 1,347 
miles, occurred on February 12, 1894. The greatest at the present 
location was 952 miles on January 20, 1907. This record increased 
by the correction of 10 per cent would give only 1,047 miles, and 
would fall short of the Auditorium Tower record by about 300 miles. 

HEAVY STORM WINDS 

On the day of greatest wind movement given in the preceding 
paragraph, February 12, 1894, the wind attained a velocity for 
five minutes of 84 miles an hour from the northeast. The extreme 
velocity, or the fastest mile recorded, was at the rate of 115 miles 
an hour, and the storm averaged nearly 70 miles an hour for over 



290 



THE WEATHER AND CUMATE OF CHICAGO 



10 consecutive hours. Snow to the amount of about 10 inches fell 
continuously during this time, and was drifted badly by the wind. 
Business was much interrupted and much damage was done as a 
result of the extraordinary violence of this storm, which actually 
extended over 23 hours, beginning at 3 a.u. 



TABLE CXXX 

FT DiaT WlHD UOTUOKT KH Eua UomB 11 



>■ m Yiut. im-ua 



Feb. I Mu. I April Mty Juiw July kut. Bqit. OM. 



eu I 771 ■ 771 ' 71* 70B I 



Ki tm \ 6»i , iAi \ WO 



M3 I 810 KU 



7IB ilf 6H 



I 678 I 643 j M6 



ii 


!!f 


SM 


i44 


MO 


1 


• » 


S 


lit 


i 



SOB 768 I tS3 R53 
Ma 737 : 811 I.M7 



708 t^ ) «M ', 881 
SM I 871 I 721 ' 871 



titt ua\ Ui esi 



'S-.i 



878 1 1.0T7 ta 1.374 



In the following May another severe storm occurred, which, 
although of less violence, yet caused great damage to vessels in the 
lake, as navigation was in full operation at the time. This was on 
May 18 and 19, 1894, The total wind movement for the first day 
was 882 miles, with a maximum velocity of 62 miles an hour from 
the east; on the second day the total movement was the same, 882 
miles, and the maximum velocity was 48 miles an hour from the 
north. The storm was accompanied by rain mixed with snow, and 
although storm wamii^s bad been hoisted at lake ports on the 17th, 
many wrecks occurred. It began about 7:30 a.m. on the 18th, and 
the wind averaged 50 miles an hour for the entire day. The blow 
was not as steady as that of the precedii^ February, but was gusty 
by fits and spells, blowing 30 miles e.a hour one minute and 60 miles 
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the next. Nine vessels were totally wrecked oflf Chicago, the number 
of casualties being unprecedented for any single storm, and con- 
siderable damage was wrought on shore. The gale did not subside 
until the afternoon of the 19th. 

On April 20, 1893, the total wind movement was 1,012 miles, with 
a maximum of 72 miles an hour from the northeast. This storm was 
accompanied by heavy rain mixed with occasional snow flurries, and 
began on the morning of the day before, on which day the wind 
movement was 911 mUes, with a maximum of 62 miles an hour from 
the east. On the 21st the wind movement was also high, being 844 
miles, and the maximum was 50 miles from the southwest. The gale 
did not cease until about midnight of April 21, and during its course 
three vessels were wrecked in the lake, and much damage was done 
to buildings in the grounds of the Columbian Exposition, chiefly 
through breakage of glass. 

The storm of November 9 and 10, 1898, was also severe. The 
total wind movements for the two days were 1,077 and 936 miles, 
respectively, and the maximum velocities were 50 and 61 miles an 
hour, in both cases from the northeast. The storm began about 
midnight of November 8 and extended over the 9th and until the 
evening of the following day. On the 7th preceding, a velocity of 
76 miles an hour from the south occurred, the storm lasting from noon 
to midnight, but the direction of the wind was unfavorable to heavy 
seas, and comparatively little damage was done. 

On the day of greatest movement at the present location of 
the Weather Bureau oflice, January 20, 1907, when 952 miles were 
recorded, the maximum velocity was 60 miles an hour from the west. 
Snow squalls occurred in connection with the storm, and its severity 
was intensified by very low temperature, the mercury being as low as 
4° above zero at midnight. 

The foregoing notes will indicate some of the more important 
facts regarding the force, duration, and direction of our greatest 
storm winds, and they may be used in connection with the instances 
of damaging snow, sleet, and ice storms discussed on pp. 224-27. Of 
course, the longer a storm continues, other things being equal, the 
greater is the likeUhood of damage. Also, if the wind is onshore — 
that is, from an easterly direction — the sea along the Chicago shore 
is high, and damage to vessels, sea walls, piers, and abutments 
correspondingly great. Occasionally, when storms are of short 
duration, the wind movement for the day as a whole gives no indica- 
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tion of the high velocities during the blow. The highest wind veloci- 
ties of the summer season usually occur in severe squalls of brief 
duration^ ranging in length from a few minutes to an hour. Such an 
instance was that of May 25, 1903, when a maximum velocity of 
72 miles an hour from the southwest was reached, although the total 
number of miles recorded within the same hour was but 32. An even 
greater difference occurred in the squall of July 5, 1897, when the 
maximum velocity was 72 miles an hour from the west, while the 
wind movement for the hour in which it occurred was only 22 miles, 
and the entire squall lasted but a few minutes. 

MAXIMUM WIND VELOCITIES 

The highest wind velocity for any period of five minutes, with 
its direction, is recorded as the maximum wind velocity for the 
month. Table CXXXI gives these data for each month from 1872 
to 1913, inclusive. Due allowance must be made for changes in the 
location and elevation of the anemometer, as has already been 
explained (p. 282). The highest velocity of record is 84 miles from 
the northeast, in the storm of February 12, 1894, and the next highest 
is 76 miles from the south, on November 7, 1898, both of which have 
been referred to above. Several dates are shown in the table on 
which velocities of 72 miles occurred. These high velocities are not 
from any one direction, but it will be noted that most of them are 
from the northeast or southwest in the winter and from the south- 
west in the warmer months. The most severe blows of the year are 
the northeast snow winds of winter. In the summer southwest winds 
the temperature is usually rising, and the velocities are increased by 
the effect of the thermal gradient upon the barometric pressure. 
The blow in such high winds from the southwest is ordinarily quite 
steady, but when high winds occur in the heated season, blowing from 
the west and northwest, they are usually the accompaniment of 
thunder squalls, and are of comparatively brief duration. 

FREQUENCY OP GALES 

Table CXXXII shows the monthly and annual frequency of 
gales from February, 189Q-1913, inclusive. By a gale is meant a 
wind of the velocity of 40 miles an hour or over. In the study of this 
table, also, allowance must be made for the change of the anemometer 
from the Auditorium Tower to the Federal Building in July, 1905. 
In Fig. 61, which shows the same data graphically, it will readily be 
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Been that the number of gales of 40 miles an hour or over has been 
much Bmaller since the removal to the present location, and this is 
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Thus it will be seen that, while for the upper lakes as a whole 
storm winds are most frequent from southwest to northwest, these 
directions including 64 per cent of the total number occurring, the 
figures for Chicago indicate a greater frequency from southeast to 
southwest, with the same percentage, 64; because, being located at 
the southern limit of the Lake region, a larger percentage of storm 
centers pass north of the city than is the case with the other stations 
in the table, so increasing the frequency of southerly winds. The 
barometric gradient following in the rear of these southerly storms is 
relatively not so greaft at Chicago as in the northern Lake region, 
and, as a consequence, storm winds from the northwest are less 
prevalent here. The direction east yields the least number of storm 
winds for practically all stations, and their small number is in a 
measure the result of actually lower velocities from this quarter 
(p. 299). Again, onshore winds are usually of higher velocity than off- 
shore winds, because of the much less friction offered by the surface 
of the water, and this tends to increase the frequency of storm winds 
from the direction of the lake, as is shown in the table by the relatively 
higher percentages from northeast at Chicago and Duluth, and from 
northwest at Sault Ste. Marie and Grand Haven, than occur on either 
side of these directions. A most important factor is the configura- 
tion of the country where the station is located, and the topography 
may be such that from certain directions storm winds never occur. 
At Duluth, for instance, the obstructions are such to the east, south- 
east, and south that winds have never reached verifying velocities 
from these directions; while at Sault Ste. Marie storm winds are con- 
fined almost entirely to the direction of the valley of the St. Mary's 
River, high winds seldom passing across the valley. There is 
another factor of much importance in some locations, which might be 
termed artificial: that is, the character of the exposure of the ane- 
mometer which indicates the occurrence of storm velocities, with refer- 
ence to buildings. This factor has already been discussed in detail 
for Chicago (pp. 282-89) and it remains only to call attention to the 
fact that lake winds have a much higher velocity as they approach 
the shore than is the case after being retarded and deflected upward 
over the numerous structures in their course to the wind register 
at the Weather Bureau oflSce. For this reason some onshore winds 
of storm velocity are not recorded as such at the Federal Building, 
and the records can be harmonized only by reducing the verifying 
velocities for onshore storms so as to allow for the retardation. 



WIND DIRECTION AND VELOCITY 297 

MEAN HOURLY WIND VELOCITY 

Table CXXXIII and Fig. 62 show the average hourly velocity of 
the wind by months from 1890 to 1910, inclusive. The mean velocity 
for the year is 16.3 miles an hour, ranging from an average of 18.2 
miles in March to 13 . 3 miles in August. The highest wind velocities 
occur in the spring, because at that time of year the equilibrium of the 
atmosphere is disturbed most by the rapid changes in temperature 
accompanying the rise from the winter's cold to the heat of summer. 
Areas of general disturbance are more frequent at this time, and 
move rapidly across the country, often accompanied by severe gales. 
In August, the month of least average velocity, there is but little 
barometric gradient, and the weather from day to day is more or less 
settled. Throughout the year the average velocities of the winter 
months are considerably higher than those of the summer season. 

On the average, the highest velocities of the day occur between 
2 and 3 p.m., at which time the mean for the year is 17. 7 miles; while 
the period of least wind is that between 6 and 7 a.m., 15.4 miles. 
It will thus be seen that the day is nearest calm just after the occur- 
rence of minimum temperature, and windiest just before the time of 
maximum in the afternoon (p. 136). For the year the period of least 
wind is during the night and early morning in July, while the highest 
velocities are experienced on the average at about 2 o'clock in the 
afternoon in the month of April. At the latter time the land tempera- 
tures are rising rapidly, causing and maintaining the lake wind from 
the northeast with its clear sweep for many miles over the smooth 
surface (p. 142). In both table and graph the effect of change of loca- 
tion is not material, as the values of both the Auditorium Tower and 
the Federal Building have been combined. 

PREVALENCE AND VELOCITY OF WINDS FROM DIFFERENT 

DIRECTIONS 

As previously stated, the observations of wind direction are 
confined to the eight principal points of the compass, and no record 
has been made of intermediate directions. During the period of oc- 
cupancy of the Auditorium Tower the number of miles of movement 
and the time of the winds from each of these eight directions were 
recorded, so that it is possible to calculate the relative prevalence 
and the average velocity of these different winds. The data are given 
in Table CXXXIV for the years 1891-1904, inclusive. On the aver- 
age the velocity of the wind varies greatly with its change of direction, 
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influenced as it may be by obetructions, character of the surface 
passed over, rising or falling temperature, and the translation of the 
storm center around which the wind tends to blow. The strength 
and frequency of the higher winds from the southwest and south are 
due mainly to the last two of these influences (p. 292). The next 
higher velocities are from the northeast, largely because of the great 
lake surface which extends in that direction and allows the flow of 
currents over it with but little friction Even a southwest wind 
blowii^ over the city may in some measure be accelerated by the 
lake surface. As a portion passes out over the lake and is released 
from the strong friction of the land with its mnumerable structures' 




Fia. 62. — Mean hourly wind velocity 
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it tends to outrun the portions yet over the city, and so diminishes 
the pressure slightly along the shore, thus increasing the movement; 
over the land. 

Due easterly winds at Chicago are much less prevalent than those 
of any other class, because they usually occur only as shifting cur- 
rents. This is in turn due to the movements of the great areas of high 
and low barometric pressure across the Middle States, such rarely 
approaching or passing directly from the west. Winds from the east, 
moreover, have the least velocity of any direction, as the cyclonic 
areas of which they are a part are themselves moving from the west, 
so that the motion of the latter lessens that of the east wind with 
reference to stationary objects. 
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The average hourly velocities for the various directions are: 
north, 15.6; northeast, 17.3; east, 14.2; southeast, 15.6; south, 
18.9; southwest, 22.8; west, 16.6, and northwest, 15.4 miles an 
hour. Differences of exposure, however, influence the velocities 
from all directions, as has already been pointed out (pp. 282-89). 

The graphic values in Fig. 63 have been drawn from the data 
in Table CXXXIV. The degree of prevalence of each direction is 
shown for the months of the year by the length of line, while the 
average velocity of the direction is indicated by the breadth of line. 
It is easily to be seen that north winds prevail but little, and east 
winds least of all. Beginning with January, west and northwest 
winds diminish, and north and northeast winds increase. The 
north wind reaches its maximum prevalence in April, but the north- 
east wind continues to blow for longer periods until May, and 
remains the prominent wind until the beginning of autumn, when 
the south-to-west directions assume dominancy. At no time of the 
year is the north, east, or southeast wind the prevailing direction in 
the cycle of changes. The little occurrence of the second has already 
been explained. The other two more or less parallel the shore of the 
lake, and the lake and land influence tends to divert them either to 
the one side or the other. Taking the seasons into consideration, 
the preponderance of westerly winds in winter is scarcely more 
marked than that of the easterly winds of the summer and spring. 

The average times shown for each direction in the table give the 
best basis for determining the prevailing wind direction during the 
period covered, and this is shown to be southwest, with an average 
duration of 5 days 4 hours each month, against 5 days 3 hours each 
month for the direction northeast, the next most persistent wind. 
However, as calculated by the method in common use (p. 278) — that 
is, from the prevailing directions of the various months — ^the pre- 
vailing wind direction of the period in the table under discussion, 
1891 to 1904, inclusive, is strongly northeast (see Table CXXVIII). 
During this time the prevailing direction as calculated was northeast 
for 60 months, and southwest for only 36 months; while, by an 
actual count of the hours and minutes each blew, the southwest wind 
averaged 1 hour longer for each month of the entire period. Such 
differences in recording the prevailing wind direction are, however, 
of rare occurrence, and probably only happen when certain wind 
directions are controlled by strong but non-periodic influences, such 
as govern the spring and summer lake wind at Chicago (p. 142). 
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RESOLTANT DIRECTION A)n> UOVBHENT 

The prevailing wind direction, based upon the records from 1873- 
1913, inclusive, baa been shown to be southwest (p. 280); that is, 




in the aggregate the wiod has blown from that direction longer 
than from any other. The prevaihng direction involves the factor 
of time. Resultant wind direction involves the factor of movement. 
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For instance, should the wind blow from the north for 20 hours of the 
day, north would be the prevailing wind direction without regard 
to its velocity. If this velocity were 5 miles an hour, and during 
the remaining 4 hours of the day the wind blew from the south 
at 30 miles an hour, while the prevailing direction would remain 
north, the resultant direction would be south, and the resultant 
movement (30X4-5X20) 20 miles. 
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Fig. 64. 



fig. 64 reprewnte the total wind moremeiit from each directioo and the renihant wind <fireetioii, ftho the 
total duratioD in hours for each direction and for ealm, baaed upon a 15-year period from 1881 to 1904, eoveriag 
the greater portion of the record of the Weather Bureau while at the Auditorium. The reniHant wind cfirertion 
n re pr eee n ted by O-X, with a total number of milei of 20,662. The resultant wind (fireetioo ii ahown to be about 
r south of southwest (see Table CXXXIV). 



The resultant direction and movement of the wind for the Audi- 
torium Tower record are shown in Fig. 64. Starting at some point, 
O, lines proportional to the wind movement are drawn for the suc- 
cessive points of the compass, beginning with north and reaching the 
end of the final direction at X. OX, which has a value of 20,562 
miles, then marks the resultant movement of winds for the entire 
period ; and its direction from O, very nearly 6® 45' south of southwest- 
northeast, as shown, is the resultant direction. Theoretically, a 
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body of air at O would in the course of a year pass through the 
changes indicated in the polygon, arriving at X, 20,562 miles distant^ 
in a line extending 6° 45' south of northeast. 

The lines in the lower right-hand corner of the figure show the 
relative duration of the wind from each direction during the course 
of an average year. Here again it is to be noted that southwest 
has the greatest value, 1,490 hours, although northeast is a close 
second with 1,475 hours. Comparing these values, however with 
those of the movements of the two directions indicates that the 
average velocity of the southwest wind is considerably the greater. 

PREVAILING HOURLY WIND DIRECTION 

Table CXXXV and Fig. 65 show the prevailing wind direction 
hour by hour for the various months of the year from 1892 to 1910, in- 
clusive. The preponderance of northeast winds throughout the late 
morning, afternoon, and much of the evening of the spring and sum- 
mer months is apparent at a glance. During the month of April the 
northeast wind prevails for every hour of the day. As the water 
of the lake gradually warms, however, the frequency of such winds 
diminishes until October, when the temperature of the lake is 
approximately that of the air. In the ensuing months, from Novem- 
ber to February, the prevailing hourly direction is altogether from a 
westerly direction. There is no prevailing hourly direction indicated 
for north, east, or southeast. All other directions prevail at some 
time or other, but the most frequent are southwest and northeast. 
Out of the total of 288 hourly entries in the table, the northeast 
direction appears 106 times, with southwest, south, west, and north- 
west distributed unequally among the remaining hours. Calculated 
upon a basis of hourly frequency, the northeast wind is shown to be 
the prevailing wind, rather than the southwest wind, as indicated 
in Table CXXXIV, but it must be remembered that the two are 
of nearly equal frequency, and the tables in question are for some- 
what different periods (see also p. 301). 

Table CXXXVI and Fig. 66 show the prevailing hourly wind 
direction for Davenport, Iowa, of nearly the same latitude as Chicago, 
for the period covered by the data for Chicago in the previous table 
and graph. By hours, the prevailing direction for the year at Daven- 
port is southwest, whereas northeast winds were most frequent at 
Chicago during the period 1892-1910, inclusive. There are only three 
hours at the inland city when the prevaiUng direction is northeast, 
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but there are several hours of prevailing easterly winds during the 
night and early morning. These instances are doubtless due. to 
local causes, which it is impracticable to present in detail. While 
there is much difference between the prevailing wind directions of 
the two places during the spring and summer months, which serves 
to emphasize the influence of the lake at Chicago in determining its 
wind direction at that time, there is considerable uniformity during 
the winter, especially in the months of January and February. The 
prevalence of the northeast wind at Chicago is responsible for its low 
maximum temperatures and comparatively cool weather during the 
warm season (p. 37). With a normal summer temperature, such as 
prevailed in Chicago during the summer of 1910, there were only 9 
days on which 90° was reached or exceeded, while at Davenport there 
were 28 such days, the lake wind being the cause of their infrequent 
occurrence in the larger city. 

COMPARISON OF WIND VELOCITY AT CHICAGO WITH THAT AT OTHER 

CITIES OF THE UNITED STATES 

While comparisons have been made in the previous pages between 
the values of temperature, precipitation, sunshine, and humidity 
for Chicago and other portions of the United States, as represented 
by selected cities, it is much more difficult to present properly the 
relative wind velocities of those places. The exposure of the ane- 
mometer, as has already been shown (p. 296), influences the record of 
wind movement to such a degree that it is almost an impossibility 
to secure comparable records in any one of the larger cities. 

The data for 1909, a typical year, on wind velocity for the various 
places used in former comparisons, however, are presented for what 
they may be worth, in Table CXXXVII and Fig. 67. Other things 
being equal, wind velocity increases with elevation, and the highest 
velocities occur in the regions Ijdng in the paths of the most fre- 
quent storms. Chicago^ being in the path of the southwest dis- 
turbances which cause our heaviest northeast winds, and on the 
southern side of those whose centers pass over the northern Lake 
region, has doubtless as high a wind velocity as have the majority of 
northern cities. Wind velocity, on the average, is considerably 
lower in the southern sections of the country, because there the 
changes in weather and temperature are not so abrupt, and the reason 
that this relation is not apparent in the table is doubtless due to 
differences in exposure of the anemometers as regards elevation. 
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configuration of the country, and surrounding buildings. If it were 
possible to secure similar exposures for all of the lake cities, we should 
probably find that the wind velocity does not differ much from place 
to place, when average conditions are compared. Of the cities 
shown in the table, Chicago leads in average wind velocity for the 
year, with 14.4 miles an hour, and New York is second with 13.0 
miles; while the cities showing the lowest velocities are Portland, 
Ore., and Yuma, Ariz., with 6.5 miles each. 
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The maximum velocities for each month of the year 1909, recorded 
at the cities included in the previous table, are given in Table 
CXXXVIII. While the highest velocity at Chicago during that 
year was 60 miles an hour, several cities experienced more severe 
winds: EI Paso, Tex., 67 miles; Omaha, Neb., 66 miles; Galveston, 
Tex., 68 miles; New Orleans, La., 66 miles, and New York City, 
83 miles. 

COMPARISOH OP ^IND VELOCITY WITH OTHER CONDITIONS 

Following the discussion of temperature, precipitation, sunshine, 
and wind velocity, it will be interesting to compare the monthly 
values of these elements together. Fig. 68 illustrates in four curves 
these monthly mean values in successive order. The curves that 
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show the closest relation are, of course, those of temperature and 
sunshine, and while the line of precipitation ^ves an increase in the 
warm period, the changes are not at all regular. Still, the influence 
of the enlarged capacity of the atmosphere for carrying moisture when 
temperatures are high is easily detected. In general the velocity of 
the wind decreases as the values of the other three elements increase. 
The influence of sunshine and high temperature is to increase wind 
velocity (p. 292), and the lower velocities of summer must therefore 
be accounted for by the fact that active and general storm areas are 
much less frequent in that season, and high winds are in many cases 
due to brief squalls. 

TABLE CXXXVIU 
MoNiHLT MuuKm Wind VtUKims ran It Biuctid Cnm roi na Viu IWt 
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Fig. 69 indicates the influence of temperature upon wind velocity. 
Here the average hourly temperatures and the averse hourly wind 
velocities are given for the period 1890 to 1910, inclusive, and the 
relation is seen to be direct. The lowest point in the temperature 
curve is at 6 a.m., and that in the velocity curve at about 6:40 a.u., 
while the peaks of both curves are reached at 3 p.m. After the maxi- 
mum values are attained there is a steady decrease until evening, 
the temperature continuing the decrease until the time of minimum 
the following morning, when the cycle is begun over again. The 
wind velocity, on the whole, does not change much during the night, 
but there is, nevertheless, a downward tendency. The increase in 
wind velocity from minimum to maximum is due to the circulation of 
the lower strata of the atmosphere as a result of ascensional currents 
caused by the increase in temperature of the ground under the 
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influence of insolation. The relation between the two elementa, as 
illustrated, exists at all seasoi^ of the year. 
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SUMHABY OF WIND DATA 

Table CXXXIX gives for reference a summary of the principal 
features relative to the averf^e and extreme values of wind direction 
and velocity. 
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TORNADOES 



Tornadoes, commonly misnamed cyclones, are very severe local 
storms, developing usually in the southeast quadrants of general 
storm areas. They occur most frequently in the Great Plains states, 
and but seldom in the Lake region. These storms are attendant 
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upon severe thuuderstorm conditions, and their enei^ may be 
likened to that of a great disturbance comjH'essed into a very small 
area. The width of the tornado path seldom exceeds a mile, and it 
is often not more than a few hundred yards. Generally, the nar- 
rower the path of the tornado, the greater is its energy. A notable 
exception to this rule was the severe tornado which occurred at 
St Louis, Mo., in May, 1896, with a path of destruction more than 
a mile across. Chic^o and ita vicinity, due in a large measure to the 
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counteracting influence of Lake Michigan (p. 209), have been par- 
ticularly free from the occurrence of these remarkable and destruc- 
tive phenomena. As far as known, but two tornadoes have ever 
occurred within the limits of Cook County, and only the first of these 
entered the city of Chicago. This tornado occurred two days before 
the St. Louie tornado, May 25, IS96, passing through that portion 
of the city known as Norwood Park; the second tornado referred 
to occurred on April 6, 1912. A thorough study of the former 
was made immediately after its occurrence, and its path is shown in 
Fig. 70. 
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Thia tornado occurred between 1 and 2 a.m., and at about the same time 
two other tornadoes occurred in northern Illinois and one in Iowa, while a 
fourth was reported in the southeastern portion of the lower peninsula of 
Michigan on the following afternoon. AH were formed in the southeast 
quadrant of a storm or cyclone moving east from Manitoba with & trough 
of low barometric pressure extending theccc southward. General thunder- 
storm conditions at the time prevailed over the western Lake region and the 
Middle West; and in the vicinity of the Weather Bureau ofGce in Chi- 
cago there was an exceptionaUy severe thunderstorm, with vivid lightning, 
heavy squalls of wind, and excessive rainfall. The fall of rain from 2:08 




JiCouDtr, 11l..onMmyIMSI». TtieBull 
pr th? pHHiBe of the itonn. 

to 2:23 A.M. at the station amounted almost to a cloudburst, there being 
1.24 inches in the 13 minutes. The highest wind velocity recorded at the 
station was 62 miles ac hour at I; 50 a.m. 

The tornado first appeared over the Des Plaines River, close to the 
boundary line separating the towns of Maine and Leyden in the northern 
part of Cook County, Generally, the track of the storm lay in an eastorly 
direction, and the disturbance was most destructive in the section called 
Canfield-on-the-Hill, a portion of Edison Park, and the highest portion of the 
county, being 125 feet above the lake. The tornado moved thence south- 
eastward, but turned slightly northeastward after reaching Norwood Park 
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thence moving eastward, skirting the dividing line between Niles and Jeffer- 
son. The path of the storm was clearly cut for over four and a half miles 
between the Des Plaines and the Chicago rivers, with a width varying from 
one-fourth to three-fourths of a mile. After reaching the Chicago River the 
track widened, indicating a decrease in energy, and by the time the tornado 
arrived at North Fortieth Avenue it had practically lost its identity. The 
sections over which the disturbance moved were for the most part but sparsely 
settled, and yet destruction was very great. Six houses were leveled to the 
ground, and about thirty others so badly damaged as to be almost beyond 
repair, and the total loss of property amounted to more than $100,000. — 
Cox, Bulletin No. 5, Geographic Society of Chicago. 



PART VI 

BAROMETRIC PRESSURE 



BAROMETRIC PRESSURE 

At any moderate elevation above sea level the pressure of the 
atmosphere is not a direct factor in either weather or climate, in so 
far as it affects the comfort and health of the individual. No 
extended space will therefore be devoted to a discussion of the sub- 
ject, but the main features will be presented as briefly as practicable. 
Barometer readings are essential to the forecaster of weather condi- 
tions, and were observations of all other weather elements omitted 
it would still be possible to anticipate many changes of conditions 
from the barometric pressures alone. As far as the ordinary changes 
in pressure are concerned, however, they do not in the slightest degree 
affect the sensations of the person in health. Rheumatics, indeed, 
may often feel twinges when the barometer falls sharply, or drops 
considerably below the normal, because of the relatively higher pres- 
sure within the body; and such persons can sometimes foretell the 
coming of rains and snows, because precipitation occurs frequently 
after a falling barometer. 

The normal atmospheric pressure at the level of the sea is about 
14.7 pounds to the square inch, but the pressure is usually measured 
in heights of a column of mercury which will exactly equal the pres- 
sure of the air. The normal pressure at sea level then becomes 30 
inches, and this is sometimes termed the pressure of 1 atmosphere. 
Pressure diminishes with altitude above sea level, for short distances 
at the rate of about . 001 inch for each foot difference. In determin- 
ing the average or normal pressure for any location, therefore, it is 
necessary to take into account the altitude, and any changes in the 
position of the barometer must be carefully allowed for. The level 
of Lake Michigan, on the shore of which Chicago is situated, is 
approximately 581 feet above sea level, but there is some variation 
in the altitude of some portions of the city above the surface of the 
lake. The records of the Weather Bureau with reference to air 
pressure, however, have all been reduced to the elevation of the 
station above sea level on January 1, 1900, so that the readings 
presented herein are comparable, notwithstanding the changes in 
the location of the oflSce since its establishment in 1870. The sta- 
tion elevation is 823 feet above sea level, and is approximately 223 feet 
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above the average street level of the city. Therefore, when data 
for street level are desired, the Weather Bureau records of atation air 
pressure should in each instance be increased by about .24 inch. 



-^ 




MuH MoRmT 




-a™,... 


9l«T 


onBi 


« 




" 


cPb 


-™ 


1. 187- 


(-191 






Y« 


'" 


7A. 


Uv. April 


uv 


JUM 


J«l» 


A«t. 


SwL 


OkL 


Ho*. 


Ttac 


AumiJ 


l« 


B71 


fm 




i.i4«i.(K8:i on 




1.110 










1.130 








1 


u; 




»: 




isai 


IBII.IOJ 


i:o«7:i:ioei 


114 




48 


.lU 


,18S 


.20i 










1 










ow, 


08811 Oa.l 0881, 104 


00< 




sa 








1,130 


-12 


«n. 










« 




101 1 


0851 09liO.M8l.10g 














I.IOB 




877. 










3H 












w 






!isi 


1.128 




m. 




1 


IS! 




Ml 




0191 


BMi:041 IMSl.OOSJ 


01> 




40 






.143 


1 088 








1 






71 




1U1 




0881 








.181 




+ir 


wo'. 




i 












034; 1 ;08S 1 !088 1 .095' 


!3Dil 














Ml. 


















I08 1.I7T<I 038 1 137 




ooa 






'ax 


K125 


-7 






3 


ii: 




II 




1J< 




i3oi,0M0.*»7,i,i;s 




iss 


.m 




.178 


1.188 


+ 3 






] 


»( 




13: 


1 






0«ID3§ 1.02*1 OBB, 




7J 


.»! 




,171 




+38 


bh! 




1 


333 


















.114 




.181 






mi. 






305 






















.138 












IH 




f 




0« 




U7!i M7i'o84;i.aM' 


088|] 


u 


'.3n 




.MB 


i:i84 


+ 1 








OU 








171 




OSOjl 088 1.09111 083: 


1181 


n 


187 




.111 






m. 












1 208 








n 


ora 








+)1 


m. 






mi 




19.1 IK 




tiBi owi 091 i.im' 






!l88 






+ 7 


m. 






231 












:o4s 






i:u7 


+IS 


m. 




1 






OM 1 171 




110 1.21S1 as6i.i«' 


110 12M 


.20 


:i5i 


:i2t 




+10 


en. 




1 












97 


.18 








+13 


m. 






«m:i 


ITS l.DW 




W91 l.DI7imi I.IOQ 




07 






!lH 


La08 


-U 


an. 






ISO 








09 














:m 




.173 


1.138 










081 




loi 












0«i 




10 


.102 


,l»l 


.071 


1.138 














031 








!(l|L05«,l!098 




141 




88 


.188 




.as 


1.141 


+10 


1W7! 






IK 












mIi im:i.om 


.OK 






179 


.180 








+14 


ISW. 










loi 










1.083 1.11] 








U 


.118 






l!l30 


- 1 


18W. 










t« 




0» 




21 


1,133,1.1*2 




11! 




87 


.117 




'ak 


1 147 




itut 




1 






ica 




itz 




IS. 


1.089' .087 




15! 




88 


.Id 


,174 


.180 


1.143 


+10 






1 






IS 




«« 






1.013 .07: 






14! 










.141 


iin 


- 1 


IMl! 














DTB 






i.iao .DSi 


!iii 




IK 








!l» 






-8 


im. 










171 




J61 




03! 


,IM .09! 


,130 




m 




D3 


'.am 


.XH 


!l45 


i;i4» 




IfXH. 










J7I 




lot 




147 


l.OTSI .IX 


,138 




lU 




03 


.IB 


,171 


.119 


1.187 


+19 


im. 










Id 








is; 


l.Otll ,091 


,08! 










.105 


.143 


,171 




+19 


im. 










SU 




M 




ISl 


1.001' OK 












.13 


,H4 






+31 


im. 










HI 




l« 








:o8< 




14B 








.1?4 




i:i4o 


+ 8 


im. 










ISi 




lU 




Ml 


:»93| :i4Sl.W0;i 


151 




08 


:23 


.IM 


.147 


1,188 




IfM. 






m 




Dll 




ou 






i,02«' mil. 108 1 


149 




330 


,187 


.118 






- 8 


ISID. 














IM 






i,m . 1181,008 




Itl 




H 


.118 






l!l4D 


+ 8 


IStl 


















181 


1,148, .08«;i.l3a 










ITS 




'm 


1,103 




i«i; 










111 




M( 




079 


1,03S! .170 1,148 




071 






,179 




,079 


1,130 


+ 4 






1 


m 


1 


lU 






IJW 


1.I53I1.189 1.1M 


1 154; 1 


307 


119 


.198 


.Ml 


I.IOS 


+34 


Nonnia {IB73- 








1 1 


i 1 












H) 




1.17* 


1 IM 


MMUoo;ro78ii^|Mn 


1.12,1157 


149 


.157 


.185 


1.131 








DBnrtunrm 


+« 


+» 


-t -ss -54 -sa -11 


-„„ 


fIT 


fJS 


f33 






Cocncliim t« 






H-ltviiuU 


oni 


O.B130.g9e|O.B«SO.S82,0,s;i;il,8« 


0.874 0.883 


.391 




,»15 


0.883 




ni^^\.,a .\i.m 


I.07S! tQSII.MSl.BW'l.MillMO 


,.995|!04O;2O,0|2O«|2.t«l 


!,(B6 





* Not iBcluded in ircncv depwt 

^tbk CXL EODta^ nJm wUc 

bo banidwtru pmnin. EleTtlJoii 

r the derttrUiR la tbouHodlbt t* 



•dded (o ■ U« cl 28.000 iocbm njul Iba bhu montUr ud ubuI 

' 823 fl. abovi KilenL Tlw !■■( cDhmm onUiia fn n^ 

bMad mno noMda fam igTi 

' tbt ■»4bt«I rMdiiwi 



BAROMETRIC PRESSURE 323 

MEAN STATION PRESSURE, MONTHLY AND ANNUAL 

The actual pressure at any place in the temperate zone varies 
considerably in the course of a year, but the fluctuations are usually 
well within 1 inch above or below the normal. Table CXL gives 
the average station pressure — that is, the pressure at the elevation 
of 823 feet — ^for each month and year from 1873-1913, inclusive. In 
order to simplify the data as much as possible, only the excess of 
pressure over 28.000 inches has been entered, and that amount must 
be added to the values in order to secure the station pressure. For 
instance, the mean station pressure for January, 1873, was (28.000+ 
1 . 123) 29. 123 inches, while that for April, 1878, was (28.000+0.894) 
28.894 inches. According to the table, the mean pressure at the 
station elevation is 29.132 inches, which reduced to the level of the 
sea becomes 30 . 025 inches. On the average the pressure is highest in 
January, 29.174 inches, and lowest in May, 29.078 inches. Reduced 
to sea level these values become 30.095 and 29.960 inches, respec- 
tively; but, owing to the influence of temperature, the lowest sea- 
level average occurs in June, 29 . 955 inches. Barometer normals were 
established by the Weather Bureau for the period 1873-99, inclusive. 
As these figm-es have continued in use up to the present time (1914), 
they only, being the means for that period, are given in the table, 
and are used in all cases in calculating departures. 

MEAN DEPARTURE FROM NORMAL PRESSURE, MONTHLY 

AND ANNUAL 

In calculating the mean departures from the station normal 
pressures, the normals for the various months have been used in 
each case instead of the normal pressure for the entire year, but 
the average departure from the annual normal is given across the 
bottom of Table CXLI. 

HIGHEST AND LOWEST PRESSURES AT CHICAGO, REDUCED TO SEA 

LEVEL 

Table CXLII contains the highest and lowest sea-level pressures 
observed at Chicago, by years. The highest pressure ordinarily 
occurs during the passage of a cold wave and the lowest during a 
severe disturbance with accompan3dng high winds. The mean of 
these highest pressures is 30.76 inches, and that of the lowest, 29.21 
inches, making the mean annual range of 1 . 55 inches. The absolute 
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extremes are 30.94 and 28. 9S inches, respectively, and the absolute 
range, therefore, is 1.96 inches. The highest absolute pressure 
occurred on two occasions, February 4, 1893, durii^ a well-marked 
cold wave m which the temperature fell to —8°, and on January 2S, 
1902, in s cold wave with a mimmum temperature of —4° The 
lowest reading, 28 98 mches, occurred on Apnl 20, 1893, thus bru^- 
ing the absolute extremes of pressure within three months of each 




Fio, 71. — Mean hourly 
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other. A severe storm prevailed on the last-named date, with rain 
turning to snow, and a very high wind, which reached a velocity of 
72 miles an hour. The storm was followed by a sharp drop in tem- 
perature, from 48° on April 20 to 30° on the 21st, a very low reading 
for that period of the year. Considerable damage was done to 
shipping in the lakes by the high westerly gale, which continued 
during the 21st. 

MEAN HOUBLY PRESSURE BT UONTHB 

Table CXLIII contains the average hourly pressure readings 
by months, and the values are well illustrated in Fig. 71. In the 
table are given the decimals only, and in readii^ the amounts each 
must be added to 29.000 inches. The pressures in both table and 
graph are for the station elevation of 823 feet. Primary and second- 
ary maxima and minima are apparent from a study of the data, the 
primary maximum occurring at from 9 to 10 a.m., and the primary 
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nfiinimum from 2 to 3 p.m. in the colder months, and from 2 to 6 p.m. in 
the warm season. The secondary maximum follows the primary 
minimum in the evening, and the secondary minimum occurs in the 
early morning, before the primary maximum. While the highest 
average monthly pressure occurs in January, as shown in Table 
CXLII, the highest average hourly reading occurs at 9 a.m. in the 
month of September. The explanation of these variations in pres- 
sure is unimportant, so far as the main features of weather and climate 
at Chicago are concerned, but should further information be desired 
reference may be had to any standard textbook on meteorology. In 
Fig. 72 are given graphically the curves of pressure change during 
the course of the day, for the months of January, April, July, and 
October, and the year. 

mean hourly pressure departures 

In the swing of pressure through the diurnal period the pressure 
is first above the normal pressure for the day and then below, as 
indicated in Fig. 72, in the previous paragraph. Table CXLIV 
presents the hourly departures from the mean daily pressure for 
each month of the year. The period of greatest departure varies, 
and the changes are somewhat abrupt from the primary maximum 
in the morning to the primary minimum in the afternoon, especially 
in winter, when the latter occurs earlier than it does in other seasons. 
In the hours where the departures are zero (.000) the values just 
equal the mean daily pressures for the month. Whenever the zero 
departure does not occur in the table, the mean daily pressure is 
reached between the hours in which the departure changes from 
positive (+) to negative (— ), or vice versa. 

pressure phases 

The pressure phases contained in Table CXLV have been pre- 
pared along the same lines as the similar tables showing the tempera- 
ture and sunshine phases (pp. 135, 263), for the purpose of determining 
more exactly than is possible with hourly values the time of occurrence 
of the maxima and minima in the different months of the year. 

relation between pressure and other conditions illustrated 

In Fig. 73 is given a particular instance of the relation between 
pressure change and those of temperature and wind direction and 
velocity. Ordinarily, when the barometer falls the temperature rises, 
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and when the barometer rises the temperature falls. In the case in 
the graph, however, the fall shown up to 8 a.u. was unaccompanied 
by any considerable rise in temperature because of the snow and the 
heavily clouded condition. After 8 a.m. the pressure began to rise, 
and the wind, which bad been from the south and southwest, changed 
to west. The temperature fell rapidly, the amount between 8 and 
10 A.M. being 20°. In advance of s cold wave, such as the one 
illustrated here, there is usually a considerable fall in pressure. 



Fif. 72 aoaUiai (be meu bourljr ptonin eurra (oc (he mondu d Juuuy, April, Juljr, Octotitr, ud 
f« the rew. land upon nnnle fran IBM lo 19U. 

followed by a rise accompanied by brisk to high winds shifting to 
west or northwest, the temperature beginning to fall with the chaise 
in direction. 

The relation indicated above is not so close in the summer 
season. In the upper portion of Fig. 74 a period of two days is 
shown, July 20 and 21, 1907. The changes in temperature and 
pressure on the first day of the period were small, with east to north 
winds; but on the second day, with falling barometer the temperature 
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rose to 90°, with south to southwest winds. Although the b&rometer 
rose slightly thereafter, the fall in temperature following was mainly 
that of the diurnal change. In the second period, July 1 and 2, 1911, 
shown at the bottom of the graph, the temperature rose on the first 
day to a maximum of 96° from a minimum of 75°, and on the sec- 
ond day to a maximum of 98° from a minimum of 79°. The chahges 
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Flo. 73. — Example of & cold wave. 



in pressure on both days were slight, but the tendency was down- 
ward to the amount of a little more than the diurnal change. 

Fig. 75 illustrates all the weather conditions as recorded in 
Chicago on a single day. The figure is a copy of the daily local 
record for December 27, 1904, on which day a severe storm from the 
southwest moved directly across the Great Lakes. The map in 
the lower right-hand corner shows the storm center in the morning 
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close to Chicago. The heavy lines, or isobars, indicate a considerable 
pressure gradient, as they are crowded closely together from south- 
west to northwest. The temperature conditions over the country, 
shown by the dotted lines, indicate the presence of a cold wave in the 
northwest, and this followed in after the passage of the storm. The 
barometer curve shows the changes at Chicago, decreasing until about 
noon, and then increasing as the storm center passed the city. With 







the rise in barometer the wind, which had been from the northeast 
and east, shifted to south between 10 and U a.m., and to southwest 
by noon. The storm moved to the northeastward with its center 
passing west of Chicago. Had it passed to the south of the city the 
change in wind direction would have been the opposite of what actu- 
ally occurred, and it would have veered through north to northwest. 
As it was, the center moved to the north so far that the wind after the 
shift held to southwest instead of goii^ around to northwest, as is 
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usually the case, and became high, the gale lasting from 11 a.m. 
until after midnight, with a velocity of 72 miles an hour occurring 
several times during the course of the afternoon. With the shift 
to southwest the temperature fell rapidly, from 43° at 11 a.m. to 11° 

DAluy IiOCHli RECORD. 




at 5 P.M. The figure as a whole shows the marked response in the 
conditions of temperature, wind direction, and velocity to the changes 
of pressure as the storm passed west and north of the city. The 
general characteristics of the storm will be given more in detail in a 
later paragraph (p. 342). 



PART VII 

STORM TRACKS 



A-^ 



I 

il 



.I*!' 



f!! 



1^ 



!1 

i!, 



I 



I !| 

'ii 
11 



I , 



STORM TRACKS 
As stated in the introduction Chicago is close to the paths 
of certMQ types of storms, the average routes of which are indicated 
in Big. 76. The southwest storms pass very close to the city, as a 
rule, and their passage is preceded by northeast winds. Those whose 
centers cross the Southwest as far north as Oklahoma usually pass 
directly over Chici^o or somewhat to the north of the city, and under 
such conditions the northeast wind shifts around through southeast 




and south to southwest and west (track 4). Occasionally, however, 
the centers of such disturbances pass up the Ohio Valley, or so far to 
the southward that Chicago is only on the edge of the storm, or is 
beyond it altogether, if it is not extensive (track 5). The most fre- 
quent storms are those which move from the far Northwest and pass 
with their centers over the northern Lake region (track I). Chicago 
is generally on the southern edge of storms of this kind, or at least 
well within the storm area, and experiences south to southwest winds, 
shifting later to northwest as the disturbances move eastward. 
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Another track (track 2), but one less frequently followed, is that from 
the middle western plateau region northeastward, merging with 
track 1 over the upper Michigan peninsula, with Chicago on the 
southern edge. A still less frequented track is track 3, although the 
storms which follow it are likely to be severe. It extends from the 
middle Rocky Mountain region eastward across the southern Lake 
sections, and might appropriately be termed the "overland route." 
Such storms are attended by southeast and south winds shifting to 
west and northwest. Taken as a class, storms usually pursue a 
path extending somewhat to the north of east, although those 
approaching from the far northwest, as a rule, turn southeastward 
over the Lakes. 

The areas of high pressure usually move in a general south-of-east 
direction, but both high- and low-pressure areas are carried east- 
ward by the general circulation of the atmosphere, as an eddy is 
carried along in a stream of water. The exact direction of the indi- 
vidual area is controlled by the configuration of the surface of the 
ground, and by the distribution of pressure and temperature existing 
at the timCj. Areas of high pressure usually bring cool weather, and 
always accompany the cold waves of the winter season. In the 
figure the heavy lines indicate the paths of high-pressure areas, and 
the light lines, those of the areas of low pressure. These paths are as 
originally charted by Bigelow, except that there have been added the 
"overland track," and that from the south extending northeastward 
over the Ohio Valley (tracks 3 and 5), which were not given by 
Bigelow. The average daily movement of the various areas is 
shown by the broken lines successively spaced for 1, 2, 3, and 4 days. 

The northeast blows of winter, due to the approach of storms 
from the southwest, are usually accompani^ by snow (p. 216), 
especially after the temperature of the water of the lake has fallen 
to the freezing point, late in December. Other storms which pass 
over Chicago in the winter time are accompanied either by rain or 
snow, depending upon the temperature of the air and the exact 
position of the path of the storm center. The farther north the 
center, the greater is the likelihood of rain instead of snow. 

There are practically no storms moving from the southwest over 
Chicago in the summer time, the prevailing northeast winds of that 
season being due to an entirely different cause (p. 145). A track of 
many summer storms is close to that of the "overland route" of 
winter storms. The route across the Lake region in summer changes 
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little from that of winter, but in the spring these storms move farther 
to the south. 

All the storm tracks over the Middle States, whether they pass 
across the northern Lake region, directly over Chicago, or up the 
Ohio Valley, merge into a single track in the upper valley of the 
St. Lawrence River, together with that which stretches north- 
north-eastward along the Atlantic coast. 

TRACKS OF SELECTED STORMS, COLD WAVES, AND HOT WAVES 

In the succeeding pages further reference will be made to the 
movement of storms which affect the weather conditions of Chicago, 
but the accompan3ring charts can be used to best advantage only by 
those who understand the weather map. The lines of equal air 
pressure, or isobars, are drawn for each 0.10 inch of pressure; the 
temperature lines, or isotherms, are drawn dotted for each 10° 
difference in temperature. Storm centers are marked LOW, while 
the centers of cold areas are marked HIGH, and indicate areas of 
low and high pressure, respectively. Areas of precipitation occurring 
during the previous twenty-four hours are shaded. The surface wind 
ordinarily blows from the high to the low pressures. That is, its 
direction is usually outward from the HIGH and inward toward the 
LOW. 

Figs. 77 and 78 show the passage of a storm on November 21 to 
23, 1903, eastward and southeastward over the northern Lake region 
along the most northerly track of storms (No. 1, Fig. 76). As will 
be seen in the last of the two figures, the rainfall areas barely reached 
Chicago, and the weather conditions as a consequence of the storm's 
movement were not important. 

The passage of a storm along the "overland route'* is illustrated 
in Figs. 79 and 80, which show the movement of the storm of January 
20 and 21, 1895. This disturbance moved quite rapidly, passing from 
Colorado to Lake Michigan in twenty-four hours, deepening as it 
advanced. The increase in energy is indicated by the low reading of 
the barometer and the closely crowded isobars around the storm 
center. As it approached, Chicago was in its southeast quadrant, and 
a thunderstorm occurred in the city early in the morning of January 
21, although it was the middle of the winter. The center passed 
slightly to the northward with rain accompanying it, which turned 
to snow about noon of the 21st. The fall, however, was light, as is 
usual with disturbances of this character. A southeasterly shifting 
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through southwest to northwest gale prevailed, reachmg a maximum 
velocity of 64 miles an hour from the southwest, and a nxarked cold 
wave followed. The passenger steamer "Chicora" left Milwaukee 
early in the morning of January 21, bound for St. Joseph, Michigan, 
but was never heard of afterward, the vessel with its crew and few 
passengers being lost in the lake. 

Figs. 81 and 82, weather maps of December 26 and 27, 1904, 
show the movement of the storm referred to in the discussion of 
Fig. 75 (p. 331). The track as marked out indicates that the storm 
passed from the North Pacific coast on December 24 southeastward 
across the middle Rockies, reaching Texas on the 26th. Then 
recurving and moving northeastward, it developed gr^at energy, 
and its center passed close to Chicago on the 27th with severe 
shifting gales and general precipitation, and was followed by a cold 
wave. The precipitation was chiefly in the form of rain, as the lake 
wind blowing toward the disturbance in its approach raised the 
temperature considerably above the freezing point, where it remained 
until the wind shifted to southwest. The storm after reaching 
Texas followed the usual course (track 4, Fig. 76). 

Another storm which followed nearly the same path as that 
illustrated in the preceding paragraph was that of February 18 and 
19, 1908, shown in Figs. 83 and 84. The point at which this storm 
entered the country on February 16 was even farther to the north, 
near Puget Sound, whence it moved southeastward, reaching north- 
western Arkansas in 48 hours. It then recurved and moved north- 
eastward, passing with its center southeast of Chicago on the morning 
of the 19th. This disturbance was accompanied locally by severe, 
shifting gales with a maximum velocity of 48 miles an hour from the 
east, and by the heaviest snowfall on record attending any single 
storm, a fall of 12.7 inches of snow falling within a space of twenty- 
four hours (p. 222). The winds drifted the snow badly, which 
resulted in serious interruptions of traffic. The track of the storm, 
after reaching Arkansas, lay about midway between tracks 4 and 5, 
shown in Fig. 76. 

The storm which wrecked the city of Galveston, Texas, on Sep- 
tember 8, 1900, moved from its entry into the country at that place 
northeastward across the Lake region, its center passing somewhat 
north of Chicago, as indicated in Fig. 85. The chart shows the 
weather conditions prevailing at 8 p.m. on that day, but the track of 
the storm is marked from its first appearance in the West Indies on 
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September 1 until it passed down the St. Lawrence Valley on the 
12th. 

After its first appearance in the Windward Islands it moved slowly in a 
northeasterly direction. During September 3 and 4 it was south of Cuba, 
and by the morning of the 5th it had passed over that island. There it 
began to take a due northerly course, and continued in that direction directly 
across Key West, and by the evening of September 6 was centered to the 
south of Tampa, Florida. Instead of recurving to the northeast, as these 
storms usually do soon after having assumed a northerly direction, its 
course was changed to slightly north of west into the Gulf of Mexico, and here 
it was apparently lost for a couple of days, complete observations not being 
obtainable. The reason for this abnormal movement can be determined 
from a study of the weather maps of September 8 and the days previous. 
While its normal course after reaching Florida would have been to the 
northeast, this way was blocked by an area of high barometric pressure which 
covered the Atlantic coast, while the pressure was low over the interior of 
the United States. Hurricanes, as well as other storms, take the path of 
least resistance, and the disturbance was consequently shunted across the 
Gulf of Mexico to strike the Texas coast at Galveston. It is probable that 
the head of the storm, although lifted high enough to come imder the sway 
of the prevailing westerlies above the neutral plane, as shown by its progress 
northward as far as Tampa, at this stage feU from the control of the upper 
winds, and drifted westward down the gradient toward the low area on 
the Great Plains, reaching Galveston before it again came well within the 
region of the prevaiUng westerlies in the upper atmosphere. The force of 
the storm was much intensified in its movement across the Gulf of Mexico, 
the barometer falling in the center to a minimum of 28 . 53 inches at Galveston 
at 8 : 10 P.M. The highest wind velocity recorded at Galveston was 84 miles 
an hour at 6: 15 p.m., at which time the anemometer blew away, but it was 
estimated that a velocity of 120 miles an hour occurred later. 

FoUowing the night of September 8 the storm lost force. It is usual for 
these hurricanes, after passipg from a water surface to the land, to lose energy 
rapidly and fill up in the center, there being less moisture for development, 
and the land surface through friction diminishing the air currents in rotation 
around the center. During the 9th and 10th it moved to Oklahoma, still 
further diminishing in intensity, and following northward the trough of low 
barometric pressure. By the morning of the 11th it had joined forces with 
LOW which had been in the interior for several days, and it appeared again 
as a well-defined storm over Iowa, the barometer falling rapidly in its front, 
and the winds increasing within its area. — Cox, Bvlletin 5, Geographic 
Society of Chicago, 

During the 11th it crossed the Great Lakes with its center directly 
north of Chicago, and caused winds of almost hurricane force, a 
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maximum velocity of 72 miles an hour from the southwest being 
recorded. The storm after reaching Oklahoma passed slightly north 
of track 4 in Fig. 76, and, although it ori^nated in the West Indies, 
\t8 direction of movement from Oklahoma was not unlike those of 
the storms of December 26-27, 1904, and February 18-19, 1908, 
which entered the country on the north Pacific coast. 
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Figs. 86, 87, and 88 show the development in spring of a high- 
pressure area over the Lake region. This development is due to the 
cold waters of the lakes lowering the temperature of the air over their 
surfaces, which contracts and permits more air to flow in above, 
finally causing a HIGH area of great magnitude covering tbe entire 
Lake region and the North-Central states. These areas in the spring 
are accompanied by fair and cool weather over the region of the Great 
Lakes for comparatively long periods, as they block the approach 
of storms in their normal movement from the westward. 

Figs. 89, 90, 91, and 92 represent the movement of a cold wave 
from the far Northwest, February 11 to 14, 1899. The sea-level 
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pressure of 31 . 4 inches, shown in the center of the HIGH in the first 
map of the series, is extraordinarily high, even for severe cold waves, 
iwd this area occasioned one of the coldest periods ever recorded at 
Chicago. The temperature on February 11 was ab-eady low over 
the Middle States, as well as in the Northwest. The high-pressure 
area in the middle Roclcies shown in the third and fourth charts was 
rather a redevelopment, and it remained in that region for several 
days. By referring to the list of cold days (p. 96) it will be seen 
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that the temperature during this cold spell at Chicago felt below 
zero on 7 consecutive days, the lowest reading of the period being 
-21° on February 9. 

Figs. 93 and 94 illustrate the movement of another cold wave 
from the Northwest, as shown on the weather maps of February 7 
and 8, 1895. On the first day the high-pressure area was centered 
over North Dakota with a reading of 31.1 inches, and it moved 
southeastward during the following twenty-four hours. The intensity 
of the cold, moreover, was heightened by the development of a severe 



STORM TRACKS 






^ 




mmm 


M 


^^^^Sv 


V 


^HE 


\ 


1 T^^^^^^^^^^^Ajy.^^^ 


^Ki 


£ 


FR1D4Y._ FEBRUARY 8, 1895 


.sJm. 1^1 



Fig. 94. 

ni. H ihon the movoDait <Ht ud Butb of th mid mra Kfcmd to in Pif. S3. Koto tha iinth)|HHnt 



352 THE WEATHER AND CUMATE OF CHICAGO 




FiQ. 96. 

Pif . M •bovi ibe watlis coodilioiu preniliiic tva the UmM Suts it 8:00 rji, Juir 12. IMl. Note 
th> divdopnuDl am lit Onat Ltlua tt^oa of u >m of nUtii^ hifh piwun. ud tha gaimvMSt lomrios 
of tha lospintan id that leotioD auisd by like winde. Tha hot wBTe itiU pnrwU in the iuUriw. 



STORM TRACKS 353 

storm which moved northeastward along the Atlantic coast, causing a 
well-marked gradient from the HIGH to the LOW, and consequent 
strong winds over the eastern half of the country. During this cold 
wave the temperature at Chicago reached — 15°, and the thermometer 
fell to below zero on 3 consecutive days. 

In the two paragraphs immediately preceding, the conditions 
usually attending well-marked cold waves which affect Chicago have 
been illustrated, and some reference to the conditions which bring 
about hot waves will here be appropriate. That of July, 1901, 
the temperature features of which have already been instanced in 
this volume in connection with other subjects, is an excellent example, 
and the general conditions are given in Figs. 95 and 96, weather 
maps of July 21 and 22. During the prevalence of a hot wave 
the barometric pressure is usually high over the South Atlantic 
states and relatively low over the northern tier of states and in the 
middle sections of the country. This distribution of pressure gives 
southerly winds over that portion of the United States lying east 
of the Rocky Mountains, as is shown on the chart of the 21st. By 
the evening of the 22d the intensity of the heat was broken in the 
Lake region by the development there of a high-pressure area, as 
shown on the map. The period marked one of the severest hot waves 
ever experienced in this country, record-breaking high temperatures 
occurring at many stations, the maximum at Chicago on the 21st 
being 103°. Further details regarding the conditions of this hot 
wave will be found on pp. 61, 72, and 142. 
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CONCLUSION 

In the foregoing pages the weather and climate of Chicago have 
been discussed at length , and it is hoped that the work will prove of 
value for reference and to students of meteorology. Special emphasis 
has been laid upon extreme and unusual conditions and the change- 
ableness of weather, and but little has been said regarding periods 
of settled conditions. This is because it is in exceptional incidents 
that people are most interested and they soon forget those of ordinary 
character. The conclusion should not be drawn that the climate of 
Chicago is not a healthful one, for it is, on the contrary, as stated 
previously, one well adapted for a person in health. Its snowstorms 
and cold waves stir the blood to renewed activities, but the latter as 
well as its hot waves are seldom of long duration, tempered as they 
usually are by the modifying influence of the waters of Lake Michigan. 
Its rainfall is ample and well distributed. Its humidity is moderate 
and in the spring and early summer, when the lake winds are most 
prevalent, the temperature of the air is rising, thus preventing the 
humidity from reaching a high point. These lake winds bring to the 
city the purest air, and whether the winds blow from the lake or the 
land, they usually have a certain briskness tending to carry away 
impurities and to prevent the smoke from settling over the city. 
The very changeableness of the weather is one of Chicago's greatest 
assets, as it is a potent factor in the activities of the people and in 
the upbuilding of the city. Many of its days in June are so perfect 
that one is reminded of Lowell's words, "What is so rare as a day 
in June?" and there are frequent periods in July equally charming, 
often when the country in the interior away from the lakes is 
sweltering in intense heat. Moreover, the longest periods of sun- 
shiny weather usually occur in the autumn, Indian Summer appearing 
at its best in Chicago and vicinity. Some cities boast of an equable 
temperature, others, of continuous sunshine, but where there is no 
changeableness the weather must become most monotonous. Because 
of marked variations in weather, fine, pleasant days are all the more 
appreciated, and the statistics show that Chicago has its full share 
of these. 
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APPENDIX I 
WEATHER OF HOLIDAYS 

WEATHER OF NEW YEAR'S, FOURTH OF JULY, AND CHRISTMAS 

Unusual interest attaches to the more important of our holidays, 
and in order to furnish information as to the local character of these 
days in past years, the conditions have been sketched out in Figs. 
97, 98, and 99 from the data given in Table CXLVI, covering the 
period from 1872-1913, inclusive. 

Thanksgiving Day, being a movable holiday, has not been in- 
cluded in the table or the graphs. It should be understood, of 
course, that the weather of these respective days in former years can 
in no wise be taken as a certain indication of their character in the 
future. 

New Year's Day has been clear 11 times during the period shown, 
while Christmas Day has been clear but 6 times. The occurrence 
of cloudy weather on these days was 20 and 26 times, respectively, 
and the remainder were partially overcast. 

The Fourth of July, occurring in the height of the summer 
season, has experienced but few cloudy days, only 6 in all, while on 
18 occasions the weather has been clear, and the remainder partly 
cloudy. 

Minimum temperatures have been below zero but twice on both 
New Year's Day and Christmas Day, and no very low temperatures 
have occurred on either day. The warmest weather for these days 
was 65° for New Year's Day, 1876, and 56° for Christmas Day, 1895. 
The greatest depth of snow on the ground at Christmas occurred in 
1909, 8.0 inches, records extending back to the Christmas of 1893 
only. Out of the 21 years shown in this record, there has been no 
snow on the ground on this date in 6 years, and in 4 of the 20 years 
only an unmeasurable amount, represented by '*T" in the table, 
has been recorded. 

On the Fourth of July, the highest temperature was 102° in 
1911; 95° occurred in 1901, and from 90° to 94° has been observed in 
5 other years. On New Year's Day there have been 12 days with 
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FlO. 97.— The weather of New Year's Day (see Table CXLVl) . 




Fio. 98.— The weather of July 4 (see Table CXLVI). 
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appreciable precipitation; on Christmas Day, 19; and on the Fourth 
of July, 16 such days. On the latter, the rains were chiefly those of 




Fig. 99,~The weather of Christmas Day (see Table CXLVI), 



thunderstorms and were of short duration, but the precipitation was 
heavy on three occasions, exceeding 1 inch in 1873, 1883, and 1888. 



APPENDIX II 

COMPARATIVE DATA ON TEMPERATURE AND PRECIPITATION 

FOR VARIOUS CITIES OF THE WORLD 

Table CXLVII contains for comparative purposes data of 
rainfall and temperature for various cities of the world. An attempt 
has been made to verify the accuracy of the data for the cities in 
foreign countries, but it is possible that correct information has not 
in all cases been secured. The entries, however, are the best obtain- 
able, and they have been brought down to date as far as has been 
practicable. 
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TABLE CXLVU 
Showing Comparibon op Rainfalub and TKiinERATusKS or Varioub Crms or ths Woru> 



City 



Amaterdam 

Athens 

Berlin 

Berne 

Bombay 

BnuBels 

Budapeet 

Buenos AyroB. . . 
Cairo, Egrpt . . . 

Calcutta 

Capetown 

Chicago 

Chiistiania 

Coknnba 

Constantinople. . 

Copenhagen 

Dublin 

Edinburgh 

Genoa 

Hong Kong 

Honolulu 

Johannesburg . . . 

Lisbon 

London 

Madras 

Madrid 

Manila 

Marseilles 

Melbourne 

Naples 

New Orleans 

New York 

Ottewa 

Paris 

Pekin 

Quebec 

&o de Janeiro . . 

Rome 

San Francisco. .. 

Shanghai 

Singapore 

Stocknolm 

St. Louis 

St. Petersburg . . 

Tokio 

Valparaiso 

Vienna. . 
Vladivostok .... 
Washington 



Hkigbt 

ABOVE 

M.8.L. 
Ft. 



351 

161 

1880 

37 
177 
502 

72 
108 

21 

40 
595 

82 

40 
246 

46 
155 
441 
180 
110 

38 

5925 

335 

154 

22 
2149 

46 
246 

91 
187 

51 
175 
294 
104 
125 
293 
197 
164 

28 

23 



148 

567 

16 

62 

164 

666 

98 

73 



Annual Raintall 



Average ' Highest 



(a) 



27.28 
15.37 
22.80 
46.00 
73.99 
28.60 
24.80 
35.20 
1.26 
60.83 
25.50 
33.52 
22.52 
88.27 
28.75 
21.80 
29.20 
25.00 
52.83 
84.88 
23.20 
30.64 
31.00 
24.36 
49.00 
17.99 
76.30 
21.73 
26.16 
33.60 
55.74 
44.11 
33 05 
19.68 
24.96 
40.84 
46.84 
35.50 
22.50 
43.66 
92.76 
18.62 
37.36 
20.86 
60.08 
13.78 
24.53 
13.23 
43.10 



(6) 



Lowest 



(c) 



40.59 


17.60 


33.33 


4.56 


27.18 


17.97 


58.23 


24.68 


47.00 


20.00 


35.28 


12.91 


78.74 


22.76 


2.10 


0.30 



36.72 


17.71 


45.86 


24.52 


31.73 


16.26 


42.74 


14.78 


27.87 


21.58 


35.57 


20.47 


32.89 


16.50 


74.96 


35 98 


100.00 


57.03 


30.13 


16.99 


40.39 


21.66 


102.00 


27.50 


34.08 


16.93 


88.66 


18.45 


27.48 


11.22 


117.30 


35.70 


43.05 


12.05 


44.25 


15.16 


44.17 


16.35 


85.73 


31.07 


58.68 


35.73 


44.44 


25.63 


26.18 


15.28 


52.39 


32.12 


63.35 


4.72 


57.89 


21.48 


38.70 


9.30 


67.57 


27.92 


123.24 


65.56 


28.27 


11.77 


49.20 


23.38 


25.11 


15.74 


77.10 


45.75 


35.51 


16.54 


22.30 


9.60 


61.30 


30.60 



Tbmpbkaturb 



Average Average 
Winter 



Summer 

id) 



63.1 
78.4 
64.6 
62.2 
80.4 
63.2 



68 

75 

82 

83 

68 

69 

54 

80 

74 

60 

58.9 

59.0 

73.6 

80.9 

76.7 

65.0 

69.6 

61 

87 

73 

81.0 

70.3 

65.0 

73.6 

81.7 

72.2 



.2 
.3 
.0 



66 

63 

77 

64 

76.8 

74.5 

59.0 

78.1 

80.9 

59.5 

77.1 

61.0 

73.8 

61.9 

65.7 

64.2 

75.0 



(a) Average annual rainfall in inches and hundredths. 
(6) Highest annual rainfall in inches and hundredth.^, 
(c) Lowest annual rainfall in inches and himdrcdthn. 
((f) Mean summer temperature, degrees Fahrenheit. 
(«) Mean winter temperature, d^^ees Fahrenheit. 
(/) Highest temperature on record, degrees Fahrenheit. 
ig) Lowest temperature on record, degrees Fahrenheit. 
(A) Average hottest month, degrees Fahrenheit, 
(t) Average coldest month, degrees Fahrenheit. 



(«) 



36. 

50 

32. 



29.8 



75. 
37. 



30.2 



51.4 
56.0 
66.9 
54.7 
25.4 
29.5 
79.3 
43.5 
31.9 
42.0 
38.4 
46.9 
59.1 
71.2 
51.5 
51.3 
39.3 
76.7 
41.2 
77.7 
46.0 
49.9 
48.0 
55.5 
31.8 
13.4 
38.4 
27.1 
12.3 
68.2 
45 7 
51.0 
39.9 
78.6 
27.3 
34.0 
19.0 
39.0 
52.5 
33.6 
15.6 
35.0 



HigheBt 

corded 

(/) 



90.0 
106.5 
97.5 
91.4 
98.5 



100.8 

103.1 

112.3 

108.2 

102.0 

102.9 

95.0 

100.0 

103.6 

90.5 

87.0 

88.0 

94.5 

92.9 

86.0 

94.0 

94.1 

97.1 

112.0 

107.1 

100.0 

100.4 

111.2 

99.1 

102.0 

100.0 

98.5 

101.1 



96.0 
102.2 

99.1 
100.0 
102.9 
100.8 

96.8 
107.0 

87.4 

97.9 



101.7 

93.4 

104 



Lowest 

Re- 
ceded 

io) 



4.1 
19.6 

- 9.6 

- 3.6 
55.9 



- 5.1 
28.4 
30.7 
44.2 
34.0 
-23.0 



-21 
64 
13 

-9 
13 

16 
40.6 
56.0 
23.3 
32.5 
4.0 
57.0 
10.5 
60.3 
11.5 
27.0 
23.9 
7 

- 6 

-33 

-14 
24.8 

-34.3 
50.4 
21.2 
29.0 
10.2 
63.7 
25.6 

-21.5 

-30.3 
15.4 



.0 
.0 
.0 
.0 



-13.9 
-27.0 
-15.0 



Average Average 

of ' of 

Wannest; Col(|e8t 

Month I Month 

(*) I ft) 



64.2 

81.7 

65.8 

64.4 

84.6 

65.0 

70.3 

75.0 

84.2 

85.7 

68.8 

72. 4 

62.6 

82.5 

75.7 

61.9 

63.9 



75.4 
80.9 
77.6 
66.8 
70.9 
62.7 
89.3 
75.7 
83.5 
83.0 
67.5 
75.6 
82.2 
74.1 
69.0 
66.0 
78.8 
66.7 
78.1 
76.6 
61.0 
80.6 
81.5 
61.9 



79. 

64. 

77. 

63. 

67, 

60.6 

77.0 



.2 
.0 
.7 
1 
.1 



35.4 
' 49.3 
30.6 
28.0 
74.0 
35.6 
28.2 
50.0 
S3. 6 
65.0 
53.9 
23.7 
23.9 
79.0 
42.0 
31.4 
32.8 
37.0 
45.5 
55.3 
70.2 
40.6 
50.4 
38.6 
76.1 
39.7 
77.0 



48.5 
46.8 
54.1 
30.7 
11.3 
36.3 
23.5 
9.8 
67.5 
44.1 
50.0 
37.0 
78.3 
26.1 
31.2 
17.1 
37.2 
52.5 
28.0 
5.7 
33.0 



APPENDIX III 

JOURNAL ENTRIES RELATIVE TO THE CHICAGO FIRE, 

OCTOBER 8 AND 9, 1871 

In the preparation of this bulletin the Daily Journal of the 
Weather Bureau oflSce was searched for any special information 
that might be of interest or value to the reader. The notes therein 
descriptive of the great Chicago Fire in October, 1871, from a mete- 
orological standpoint have a peculiar interest, and this publication 
would hardly be complete without them. It will be remembered 
that the fire occurred following a prolonged drouth (p. 107). The 
Weather Bureau office had been in operation at that time about one 
year, and the records for that period were lost, as well as the instru- 
mental equipment of the office. The entry is as follows: 

October 16. Took possession of new office, No. 10 West Randolph 
Street, yesterday. Have been without records from October 8 until today, 
everything official having been destroyed by the great fire, October 8 and 9. 
The observation at 10:53 p.m., October 8, was taken and transmitted as 
usual. At half-past nine an alarm of fire was rung. There had been a 
very large fire the preceding night, which had been subdued with difficulty. 
The weather was intensely dry, and the wind blowing from the south- 
south-west with a velocity of about twenty miles an hour. Accordingly when 
by 10 P.M. the fire had increased instead of diminishing, many people turned out 
to see it, not from alarm, but simply for the sake of the spectacle. At 10:30 
the fire was still confined to two blocks, with a strong hold of only one. 
The firemen at this time seemed to have a fair chance of checking it; still the 
burning was so great as to enable one, by the light of it, to read the time on 
the city clock, one and one-half miles distant. The wind was carrying 
sparks right through the center of the city, the line lying only two blocks 
west of the city hall. Still no one felt alarmed, except those in the immediate 
vicinity. I, myself, was present, and had seen the much larger fire of the 
preceding night checked by the river. At 12 p.m. the fire had increased 
considerably in area and intensity, but as the wind was south-southwest, 
and the river ran due north and south, there seemed as yet but little danger 
to anj'thing beyond the river. Hitherto the fire had been extended, and 
with no great velocity, merely by contact with the fiames, but toward 1 a.m. 
the heat had become so intense as greatly to increase the power in the 
immediate neighborhood of the flames. This was especially the case on the 
east and west of the fire toward the front, the wind blowing straight toward 
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the fire in all directions. Within forty yards of the blaze I estimated the 
wind toward it at thirty miles an hour. This caused a decided whirling 
motion in the column of flame and smoke, which was contrary to that of the 
hands of a watch. 

Blazing pieces of timber of considerable size were now whirled aloft and 
carried to the north-northeast, starting new fires as they fell. These new 
fires, being in the line of the smoke. Were invisible to those at the old fire. 
One of the fires was on the east side of the river, only a few blocks from the 
courthouse. By 2 o'clock the courthouse with all the beautiful buildings 
around it was in flames. The conflagration was now advancing in the line 
of the wind as fast as a man could walk. By 3 a.m. the waterworks, two miles 
to the northeast of the coxuthouse, were burned. The city having thus been 
divided in two by a sheet of flame, the fire continued to work its way more 
leisurely to the east and west, at right angles to the wind, as well as right in 
the teeth of it. The fire on the night of the 7th alone saved the west division, 
as it had burned two blocks in width down the west side of the river. The 
fire on the 8th originated only a few blocks farther south, hence it could not 
progress north for want of material. On the east side of the river in the 
south division, the fire continued to work toward the east; and this it did with 
the greatest rapidity at the southern limit of the conflagration, because 
there the unbumed houses broke the wind and caused a back current at the 
base of the buildings. As soon as the fire had thus got a new swath of 
houses before it, and the wind behind it, away it went tearing, sadly surprising 
many who were congratulating themselves because the first rush of flame 
had spared them. 

The Tribune people thought the strength of their building had saved 
them, because it lay at the extremity of one of the swaths. The next one 
took it. In the north division the first rush of the fire reached the lake, and 
then it worked its way west to the river. This it did not accomplish before 
12 noon on the 9th. The wind by 9 a.m. had increased to perhaps twenty- 
five miles an hour, at the distance of three miles to the southwest of the fire. 
In the immediate vicinity of it, especially in streets running east and west, 
it was blowing with the force of a hurricane, on the north side lifting up whole 
burning buildings and pitching them upon the tops of others. The wind 
blowing in all directions toward the fire, confused some people in their 
endeavors to escape. This also caused the fire to progress along the topw 
of buildings before the wind, and along the bases of buildings against the 
wind. The heat was intense. The buildings in front and at the sides of the 
fire began first to smoke from the heat radiating from the burning. Then 
in many cases, without waiting for a tongue of flame to touch them, they 
would all at once burst into a blaze. To talk of fireproof buildings in the 
midst of such a furnace is absurd. Steel was melted in innumerable 
cases, and stones and brick were burned to powder. 
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The firemen at first endeavored to check the fire in front, but as soon as 
it had gathered in force this was not to be thought of; not a single drop of 
water could reach the fire. The wind swept it aloft. Besides, the firemen 
had to look out. Several of the engines which went to the front at first were 
burned; others made futile efforts along the side of the fire, playing at right 
angles to the wind. The fire ate in behind them, and they had to nm. I 
saw several engines, before the water stopped, doing nothing. At length 
they saw what they could do and confined themselves to that. Letting 
the fire have free scope to the north and east, they endeavored to prevent it 
spreading to the south against the wind. In this they succeeded, cutting it 
off just as it was laying hold of immense piles of lumber which lay along 
the river. This was done about 3 a.m., Monday. The efforts of the firemen, 
lamed for want of water, were ably seconded by gunpowder in the forenoon, 
in the south division. The same agent had been employed to check the 
northward progress of the fire, but in vain. Toward noon, its farther progress 
southward was thus checked. In the northern division it had reached its 
limits at about the same time, having burnt everything that would bum, 
out as far as Lincoln Park, about four miles from the courthouse. 

The loss of life was greatest along the path of the first rush of the fire; 
it came so suddenly and unexpectedly. Only those who died in the streets 
have been recovered. The very bones of those who were in the buildings 
were burned. 

The observation ofifice lay right in the path along which the conflagration 
moved its first swath, from the southwest through the center of the city to the 
northeast. I went to the scene of the fire between 10 and 11 p.m., and did 
not think of the danger imtil too late. Kaufman was on duty and saved 
most of the valuable instruments, but only for a time. He carried them to 
his lodgings, which lay nearer the lake, and returned to find all the buildings 
around the ofifice in a blaze. Thinking himself safe he went back to his 
lodgings and went to sleep, and awoke in time to find the flames just upon 
him. Snatching his trunk he escaped to the lake. Many trunks were lying 
there in flames, and he pitched his into the water. It might have been pos- 
sible to save everything by procuring a vehicle at the first; but vehicles 
were scarcely to be had. A jeweler, only a block from the observation office, 
is said to have offered in vain a thousand dollars for one. 
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NOTES RELATIVE TO DATA, OBSERVATIONS, INSTRUMENTS, 
OFFICIALS IN CHARGE, AND FORECAST SERVICE 

When the Government Weather Bureau oflSce was first established 
in Chicago on October 15, 1870, it was under the jurisdiction of the 
Signal Service of the United States army, but it was transferred to 
the Department of Agriculture on July 1, 1891. Since the beginning 
of the work observations have been maintained continuously to the 
present time, except for a period of fourteen days in October, 1871, 
immediately following the Great Fire. The records used in this 
bulletin for periods previous to this time, extending for temperature 
back to 1830 and for precipitation to 1843, are taken from Hazen's 
Climate of Chicago, as stated previously (pp. 4, 151). Being drawn 
in some measure from outside sources by interpolation, and from 
observations the environments of which are now unknown, the 
accuracy of these early data cannot be vouched for, and too much 
dependence should not be placed upon them. Some of the observa- 
tions were taken at the University, others at various places in the 
city or in the suburbs, and some in near-by towns. Since its estab- 
lishment in 1870, the Weather Bureau office has been moved several 
times, the various locations, with the heights of the different instru- 
ments, being as follows: 

APPENDIX TABLE A 



Datb 



Location 



HSIOBT OF 



Barom- ; Thcr- 
eter '. mometer 
above above | 
Sea Level Ground : 



Rain 

Gage 

above 

Ground 



October 15. 1870 
May 1. 1871.... 
October 15. 1871 
June 11. 1872... 
June 8. 1873.... 

January 1, 1887. 

February 1. 1890 
July 1,1905.... 



162 East Washington St 

164 East Washington St. 

10 West Randolph St 

80 South Market St.. Central Block . . . 
S.E. comer Madison and LaSalle Sts., 

Major Blockf 

S.W comer Clark and Washington Sts., 

Chicago Opera House 

Auditorium Tower 

Federal Building 



651 
651 
633 
667 

661 

715 

823 
816t 



Ane- 


Wind 


mometer 


Vmne 


above 


above 


Ground 


Ground 



57 
57 
32 
74 

70 

146 
241 
140 



• 


• 


67* 


85* 


43 


72 


1 97 


108 


93 


103 


132 


153 


238 


274 


133 


310 



* Unknown or uncertain. 

t At present called the Roanoke Building, with two added stories. 

X All readings at this elevation, however, are reduced to the station elevation of 823 feet (p. 321). 
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85* 

72 
113 

108 

155 
272 
312 



APPENDIXES 371 

The various officials who have had charge of the Chicago 
Weather Bureau office, and the dates of their assignments, are as 
follows: 

James Macintosh October 15, 1870 to July 17.1872 

Theodore Moaher July 17, 1872 to January 2, 1873 

A- C.Ford January 2, 1873 to May 1,1876 

C. E. Brinamade May 1, 1876 to November 6,1877 

S. S. Baaaler Norember 6, 1877 to December 21. 1877 

J. M. Clifford December 21. 1877 to January 23. 1878 

J.J. Lynch January 23. 1878 to January 9.1880 

James Mitchell January 9. 1880 to March 8.1883 

John Laurens March 8. 1883 to June 26.1883 

William Norrington June 26, 1883 to March 18, 1884 

T.B. Jennings March 18, 1884 to July 25,1885 

Allen BueU July 25, 1885 to December 1,1887 

H. C. Frankenfield December 1, 1887 to May 15.1894 

Willis L. Mooiv May 15. 1894 to July 1.1895 

E.B.Garriott July 1. 1895 to August 1.1898 

Henry J. Cox August 1, 1898. in charge at present 

First storm warning issued. — Professor Increase A. Lapham, of 
Milwaukee, Wis., a man who was foremost in the efforts to establish 
a national weather service in this country, was specially assigned to 
the Chicago office in November, 1870, as forecaster, and he remained 
here for several months. To him belongs the distinction of having 
issued the first storm warning ever sent out by the Weather Bureau 
to vessel men, on either the Great Lakes or the oceans. This was 
issued on November 8, 1870, and is said to have been fully justified. 
It read as follows: 

Chicago, November 8, 1870, Noon, A high wind all day yesterday at 
Cheyenne and Omaha. A very high wind reported this morning at Omaha. 
Barometer falling, with high wind at Chicago and Milwaukee. Barometer 
falling and thermometer rising at Chicago, Detroit, Toledo, Cleveland, 
Buffalo, and Rochester. High winds probable along the lakes. 

During the greater portion of the period previous to 1891, the 
general forecasts of the Weather Bureau and the storm warnings for 
the Great Lakes were issued at Washington, but .with the transfer of 
the Bureau from the Signal Service to the Department of Agriculture, 
various small forecast districts were established, the Chicago office 
at first controlling northern Illinois and northwestern Indiana. In 
May, 1894, these small forecast districts were merged into a few large 
ones, that of the Chicago office extending from the Great Lakes to 
the Rocky Mountains. Forecasts for that region have been issued 
each morning since at Chicago. 



INDEX 



Anemometer, 277, 283. 

Atlantic oceui, influence on tempenture, 

117. 
Atmospheric moisture. See Humidity. 
Atmospheric pressiu^. See Pressure. 

Baltimore. Md., rise and fall of tempera- 
ture at. 26. 

Barometric pressure. See Pressure. 

Besold. von, on radiation, 20. 

Bigelow. on storm tracks, 338. 

Bismarck, N.D., high and low tempera- 
tures at, 65. 

Buffalo. N.Y., high and low temperatures 
at, 65. 

Chicago Fire of 1871, Journal entries rela- 
tive to, 367. 

Chicago, location, xzlii; general climatic 
and weather conditions, xxiii, 357. 

Christmas Day, weather of. 361. 

Climate, how determined, xxiii; defini- 
tion of, xxiv. 

Cloudiness, effect on temperature, 146; 
effect on temperature and humidity, 
272; how measured, 253; monthly and 
annual. 253; number of clear, partly 
cloudy, and cloudy days, 254. 

Cold days. 93, 145. 

Cold months and seasons, 20. 

Cold periods, 10. 

Cold waves, of February 1906. 01; se- 
lected tracks of. 347. 

Coldest months. 17. 19. 

Coldest years. 17. 18. 19. 

Cox, on wind velocity and altitude. 289; 
on Galveston hurricane. 343: on storm 
winds on upper lakes, 295. 

Crops in northern latitudes, 87. 

Dark days, 269. See alto Fog. dense. 
Data.' sources of. 4. 370; for various selected 

cities of the world. 366. 
Davenport. la., prevailing hourly wind, 

direction of, 304. 
Denver, Colo., high and low temperatures 

at, 65; relative humidity at, 247; range 

in temperature at, 117. 
Depth of snow on ground. 228. 
Dew point. 249. 
Districts under Chicago Weather Bureau 

office, forecast. 371. 
Drouth, periods of. 192; preceding 

Chicago Fh^. 197. 



Duluth. Minn., range in temperature at, 
116; storm winds at, 296. 

El Paso. Tex., maximum wind velocity at, 
310; relative humidity at, 247; sun- 
shine at. 268. 

Equinoctial storms. 198. 

Europe, temperature records in. 5. 

Excessive precipitation. 178. 

Fog, dense. 268. See alto Dark days. 
Forecast districts under Chicago Weather 

Bureau office, 371. 
Fourth of July, weather of. 361. 
Frost, occurrence of. 107; influence of 

Lake Michigan on. 113; killing. 111; 

light, or minimum temperature of 40**. 

108; minimum temperature of 32<*. 112; 

varying degrees of. 108. 

Gales. 292. 

Galveston. Tex., maximum wind velocity 
at, 310; hurricane, 342. 

Grand Haven, Mich., storm winds at. 296. 

Great Plains, range in temperature, 117. 

Greely, melting of snow at low tempera- 
ture, 14. 

Hail. 214. 

Hann. definition of "climate." xxiv. 

Hazen. early data by, 4. 

Holidays, weather of. 361. 

Hot wave, of 1001. 57. 

Humidity, definitions. 239. 

Humidity, relative, monthly and annual, 
240; dew point and. 249; in United 
SUtes. 247; hourly. 243; of lake wind. 
240. 

Hurricane. Galveston. 342. 

Ice storms. 224. 

Illinois, northern, mean temperature of. 

53; precipiUtion in, 163; season of 

growth in. 114. 
Instruments, changes of location, xxv. 152. 

277. 370; heights and various locations 

of. 370. 

Jack8on\'ille. Fla., relative humidity at. 
247. 

Kiosk, temperatures at. 12. 

LaGrange. 111., growing season at. 113; 
temperature of. compared with Chicago, 
46. 
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